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Preface

Scope and purpose of the HIV
molecular immunology database

HIV Molecular Immunology 2005 is an annual companion
volume to HIV Sequence Compendium. This publication,
the 2005 edition, is the printed version of the web-based

HIV Immunology Database (http://www.hiv.lanl,

gov/content/immunology/). The web interface for
this relational database has many search options, as well as
interactive tools to help immunologists design reagents and
interpret their results. We summarize through the previous
year’s literature, so HIV Molecular Immunology 2005 has
entries through the end of 2004. (There is no HIV Molecu-
lar Immunology 2004, because we skipped it to make the
year in the title match the year of publication.)

In the HIV Immunology Database, HIV-specific B-cell
and T-cell responses are summarized and annotated. Im-
munological responses are divided into three parts, CTL, T
helper, and antibody. Within these parts, defined epitopes
are organized by protein and binding sites within each pro-
tein, moving from left to right through the coding regions
spanning the HIV genome. We include human responses
to natural HIV infections, as well as vaccine studies in a
range of animal models and human trials. Responses that
are not specifically defined, such as responses to whole
proteins or monoclonal antibody responses to discontinu-
ous epitopes, are summarized at the end of each protein
section. Studies describing general HIV responses to the
virus, but not to any specific protein, are included at the
end of each part.

The annotation includes information such as cross-
reactivity, escape mutations, antibody sequence, TCR us-
age, functional domains that overlap with an epitope, im-
mune response associations with rates of progression and
therapy, and how specific epitopes were experimentally
defined. Basic information such as HLA specificities for
T-cell epitopes, isotypes of monoclonal antibodies, and
epitope sequences are included whenever possible. All
studies that we can find that incorporate the use of a spe-
cific monoclonal antibody are included in the entry for that
antibody. A single T-cell epitope can have multiple entries,
generally one entry per study.

Finally, maps of all defined linear epitopes relative to
the HXB?2 reference proteins are provided. Alignments
of CTL, helper T-cell, and antibody epitopes are available
through the search interface on our web site at|http://
www.hiv.lanl.gov/content/immunology.

Only responses to HIV-1 and HIV-2 are included in the
database. CTL responses to SIVs have been periodically

HIV Molecular Immunology 2005

summarized in our review section by Dr. Dave Watkins
and colleagues. (For their most recent review, please
see: Where Have All The Monkeys Gone? Evaluating
SIV-Specific CTL in the Post-Mamu-A*(01 Era, David
H. O’Connor, Todd M. Allen, and David 1. Watkins, in
the 2001 HIV Immunology compendium). Dr. Christian
Brander and colleagues annually provide a concise listing
of optimal CTL epitopes. Additional reviews that our
editorial board deems of general interest to the HIV
research immunology community are solicited each year.
This year’s reviews are printed in the first part of this
database; reviews from previous years can be found
at http://www.hiv.lanl.gov/content/hiv-db/
REVIEWS/reviews.html.

Comments on the database or requests for the hard copy
can be sent via email to immuno@lanl.gov.

Citing the database

This publication may be cited as

HIV Molecular Immunology 2005. Bette T. M. Kor-
ber, Christian Brander, Barton F. Haynes, Richard
Koup, John P. Moore, Bruce D. Walker, and David
I. Watkins, editors. Publisher: Los Alamos National
Laboratory, Theoretical Biology and Biophysics, Los
Alamos, New Mexico. LA-UR 06-0036.

About the cover

This is a photograph of
a young sooty mangabey
named Siva taken in the
Tai forest. The Tai Na-
tional Park is situated in
the southwest of the Ivory
Coast. Sooty mangabeys
harbor an SIV related
to the human HIV-2 epi-
demic (see Santiago et
al.y). The photograph
was generously donated
to the immunology data-

M. L. Santiago, F. Range, B. F. Keele, Y. Li, E. Bailes, F. Bibollet-
Ruche, C. Fruteau, R. Noé, M. Peeters, J. F. Brookfield, G. M. Shaw, P.
M. Sharp, & B. H. Hahn, 2005. Simian immunodeficiency virus infection
in free-ranging sooty mangabeys (Cercocebus atys atys) from the Tai
Forest, Cote d’Ivoire: Implications for the origin of epidemic human
immunodeficiency virus type 2. J Virol 79(19):12515-12527

vii


http://www.hiv.lanl.gov/content/immunology/
http://www.hiv.lanl.gov/content/immunology/
http://www.hiv.lanl.gov/content/immunology
http://www.hiv.lanl.gov/content/immunology
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/reviews.html
mailto:immuno@lanl.gov

Preface

base by the photographer, Florian Mollers?, and was taken
in the context of the Tai Monkey Project, which is associ-
ated with the Centre Suisse de Recherches Scientifiques
(CSRS) in Abidjan’.

Our thanks to Ronald Noé, Florian Mollers, and Beatrice
Hahn for making this cover possible.

About the PDF

The complete HIV Molecular Immunology 2005 is avail-
able in Adobe Portable Document Format (PDF) from
our website, http://www.hiv.lanl.gov/content/
immunology. The PDF version is hypertext enabled and
features ‘clickable’ table-of-contents, indexes, references
and links to external web sites.

This volume is typeset using I&EX. The immunology
data tables and epitope maps are produced automatically
from the SQL database by a series of Perl programs.

Zhttp://www.florianmoellers.com/
3http://www.orn.mpg.de/~knauer/noe/noe.html
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Preface HIV/SIV proteins
HIV/SIV proteins
Name Size Function Localization
Gag MA pl7 membrane anchoring; env interaction; virion
nuclear transport of viral core
(myristylated protein)
CA p24 core capsid virion
NC p7 nucleocapsid, binds RNA virion
po binds Vpr virion
Protease (PR) pl5 gag/pol cleavage and maturation virion
Reverse Transcriptase (RT) p66, pS1 reverse transcription virion
RNase H (heterodimer) RNAse H activity virion
Integrase (IN) DNA provirus integration virion
Env gp120/gp41 external viral glycoproteins bind to CD4  plasma membrane, virion
and chemokine co-receptors envelope
Tat plé/pl4 viral transcriptional transactivator primarily in
nucleolus/nucleus
Rev pl9 RNA transport, stability and utilization =~ primarily in
factor (phosphoprotein) nuleolus/nucleus shuttling
between nucleolus and
cytoplasm
Vif p23 viral infectivity factor, inhibits cytoplasm (cytosol,
minus-strand viral DNA hypermutation = membranes), virion
Vpr pl0-15 promotes nuclear localization of virion nucleus (nuclear
preintegration complex, inhibits cell membrane?)
division, arrests infected cells at G2/M
Vpu plé promotes extracellular release of viral integral membrane protein
particles; degrades CD4 in the ER;
(phosphoprotein only in HIV-1 and
SIVcpz)
Nef p27-p25 CD4 and class I downregulation plasma membrane,
(myristylated protein) cytoplasm, (virion?)
Vpx pl2-16 Vpr homolog present in HIV-2 and some  virion (nucleus?)
SIVs, absent in HIV-1
Tev p28 tripartite tat-env-rev protein (also named primarily in
Tnv) nucleolus/nucleus
X HIV Molecular Immunology 2005



Abbreviations

Abbreviations

Common abbreviations and acronyms used in this database.

Abbrev. Meaning

AA amino acid

AAV adeno-associated virus

Ab antibody

ACTG AIDS clinical trial group

ADC AIDS dementia complex

ADCC antibody-dependent cell-medicated
cytotoxicity

ADE antibody-dependent enhancement

ADRA Antiviral Drug Resistance Analysis: a
program that analyzes your sequences for
mutations known to confer drug resistance
and links to the records in the database

AIDS acquired immunodeficiency syndrome

ANN artificial neural networks

anti MHC anti major histocompatibility complex

APC antigen presenting cell

ARC AIDS related complex

ART anti-retroviral therapy

AZT azidothymidine

BIMAS Biolnformatics and Molecular Analysis
Section

BIV bovine immunodeficiency virus

BLAST Basic Local Alignment Search Tool

CAEV caprine arthritis/encephalitis virus

CD4BS CD4 binding site

CD4i antibody that has enhanced binding to gp120
in the presence of SCD4 (CD4 induced)

CDC Centers for Disease Control and Prevention

CDR complementary determining regions

CFA complete Freund’s adjuvant

CHI Center for HIV Information

CMI cell-mediated immunity

CMV cytomegaliovirus

CNS central nervous system

CP canary pox

CRF circulating recombinant form

CsA cyclosporine A

CSF cerebrospinal fluid

CTL cytotoxic T lymphocyte

CTLe CTL effector

CTLp CTL precursor

CyPA cyclophilin A

DC dendritic cell

DDDP DNA-dependent DNA polymerase

DHH U. S. Department of Health and Human
Services

dMM deopymannojirimycin

dpc days post challenge

DTT dithiothrietol

HIV Molecular Immunology 2005
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Abbrev. Meaning

EIA enzyme immuno assay

EIAV equine infectious anemia virus

ELF Epitope Location Finder

ELISA Enzyme Linked ImmunoSorbent Assay

ER endoplasmic reticulum

Fabs fragment antigen binding-univalent
antibody fragment

FASTA format  Fast Alignment Search Tools Anything

FIV feline immunodeficiency virus

FP fowl pox

FSW female sex worker

GALT gut-associated lymphoid tissues

GDE format Genetic Data Environment

ep glycoprotein

GRIV genetic resistance to HIV

HAART highly-active anti-retroviral therapy

HCV hepatitis C virus

HEPS HIV-exposed persistently seronegative

HIV human immunodeficiency virus

HIVD HIV-1 dementia

HLA human leukocyte antigens

HLA-MHC human leukocyte antigens-major
histocompatibility complex

HMM hidden Markov models

TIAVI International AIDS Vaccine Initiative

IE genes immediate early genes

IFA incomplete Freund’s adjuvant

IFN interferon

IG format IntelliGenetics format

Ig immunoglobulin

IL interleukin

INHI immunologically normal HIV-infected

iscom immunostimulating complex

KLH keyhole limpet hemocyanin

LANL Los Alamos National Laboratory

LDA limiting dilution assay

LN lymph node

LPR lymphoproliferative response

LT labile enterotoxin

LTMP long-term non-progressor

LTR long terminal repeat

LTS long term survivor

mAb monoclonal antibody

MBL mannose-binding lectin

MCMC Markov chain Monte Carlo

MDP muramyl dipeptide

MEI multiple epitope immunogen

MHC major histocompatibility complex

MHR major homology region

ML maximum likelihood

MLV murine leukemia virus

MP maximum parsimony

mpc months post challenge
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Amino Acid Codes

Abbrev. Meaning Abbrev. Meaning
MRC Medical Research Council, UK STI supervised treatment interruption (also seen as
MSF multiple sequence alignment format of the structured treatment interruption and standard
GCG sequence analysis package treatment interruption)
MV measles vector TCLA T cell line adapted
MVA vector modified vaccinia virus Ankara TCR T-cell receptor
Nab neutralizing antibody Th T-helper cell
NCBI National Center for Biotechnology TNF tumor necrosis factor
Information VEE Venezuelan equine encephalitis
NIAID National Institute of Allergies and VESPA  Viral Epidemiology Signature Pattern Analysis
Infectious Diseases VIP vasoactive intestinal peptide
NIBSC National Institute for Biological Standards VL viral load
and Control, UK VLP virus like particle, assembled from p55 gag
NIH National Institutes of Health VSV vesicular stomatitis virus
NIST National Institute of Standards and \'AY vaccinia virus
Technology WB Western Blot
NJ neighbor joining
NLS lear localization signal . .
nuclear localization signa Amino Acid Codes
NRP non-rapid progressor
II:TSI ;;):t—esi}rllnctlum-mducmg A Alanine
PB peripheral blood B Aspar~tlc Acid or Asparagine
. C Cysteine
PBL peripheral blood lymphocyte . .
. D Aspartic Acid
PBMC peripheral blood mononuclear cell . .
. . . E Glutamic Acid
PCOORD principal coordinate analysis .
. . F  Phenylalanine
PCR polymerase chain reaction :
. . G Glycine
PERV porcine endogenous retrovirus H  Histidine
PHYLIP Phylogeny Inference Package .
. I Isoleucine
PL proteoliposome K Lysine
RAC ricin A chain A
RDDP RNA-dependent DNA polymerase .
. M  Methionine
rec/r recombinant N Asparasine
RIP Recombinant Identification Program: a P Pr (ﬁineg
program for detecting evidence of .
. L Q Glutamine
inter-subtype recombination R Arcinine
RIPA Radio Immuno Precipitation Assay £
. S Serine
RP rapid progressor .
. T Threonine
RRE Rev-responsive element .
. V  Valine
rsgp160 recombinant soluble gp160
. W  Tryptophan
RSV Rous sarcoma virus “ . .
. . X unknown or “other” amino acid
SAM Sequence Alignment and Modeling .
ooram Y Tyrosine
program . . Z Glutamic Acid or Glutamine
SAP sequential antigen panning .
sCD4 soluble CD4 b
. . . - identity
scFv single-chain variable fragment
; $ stop codon
SDS sodium duodecyl sulfate #  frameshift
SFV Semliki Forest virus
SI synctium inducing
SIV simian immunodeficiency virus
SIVE SIV encephalitis
SNAP synonymous-nonsynonymous analysis
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I-A

Optimal CTL Epitope Identification in HIV
Clade B and Non-Clade B Infection

Nicole Frahm?, Christian Brander?

I-A-1 T cell immunity in HIV infection

HIV specific cytotoxic T lymphocytes (CTL) and T-helper
cells (Th) remain one of the cornerstones of a potential
HIV vaccine, and a number of vaccine trials and recent
in vitro studies point towards the importance of the close
interplay between these two arms of the cellular immune
response in HIV infection. As more and more vaccine
candidates find their way to clinical trials, not only the
question of vaccine immunogen selection but also that of
the appropriate in vitro monitoring of vaccine success be-
come increasingly critical issues. The chosen approaches
will need to balance the optimal sensitivity with the need
of inter-trial comparability, and several efforts are under
way to establish widely applicable in vitro antigen test sets
to monitor several parallel vaccine trials in the future. The
challenge for this undertaking is considerable, given that
many vaccine trials are based on non-clade B immunogens,
and thus require a comprehensive knowledge of immuno-
genic regions in various HIV clades, with the most pressing
one likely being clade C. Part of this characterization will
be the detailed delineation of the optimal CTL epitopes
and their HLA restriction that are contained in these re-
gions, so that reliable predictions can be made in terms
of population coverage and how well local viral diversity
is reflected by the vaccine sequence(s). Thus, although
few laboratories nowadays follow through on identifying
the precise nature of the targeted, optimal CTL epitopes
in their various immunogens, we feel that epitope defi-
nition is not only desirable but actually urgently needed
for an optimal vaccine design and appropriate analyses of
induced responses. As in the past years, we here present
an updated compilation of optimally defined CTL epitopes
in all regions of HIV, which increasingly also includes epi-
topes defined in non-clade B infection. As argued above,
especially non-clade B derived CTL epitopes will be most
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useful in refining vaccine approaches in the future and we
thus include annotations to the epitopes indicating the test
sequence used to identify the epitope. We feel that both
of these additional pieces of information are important
considerations as they can profoundly impact the detection
rate of responses in vivo and obviously need to be included
in vaccine immunogen design as well.

I-A-2 Escape from CTL recognition
and antigen processing

Aside from sequence differences between various HIV
clades, much focus has been given over the last few years
to sequence variability within defined optimal epitopes as
well as to regions in close proximity of such well-defined
epitopes. Changes within the epitope are generally inter-
preted as CTL escape variants that either modulate binding
to the HLA molecule or which reduce the binding affinity
to the cognate T cell receptor [Brander et al.l|1998; [Leslie
et all 2004]. On the other hand, changes flanking the
epitope, (as well as within) have been shown to interfere
with efficient antigen processing, thereby also affording
escape from CTL surveillance [Allen et al.,|2004; |Draenert
et al., 2004bf]. While CTL escape by changes within the
targeted epitope has been well documented and used to
link HIV evolution and host genetics [Moore et al.| 2002],
the importance of processing escape is still unclear. How-
ever, processing may represent an effective escape route
as no variant-specific CTL responses can be generated af-
ter escape has occurred. By inference from large-genome
herpesviruses, which often have dedicated multiple genes
towards interfering with antigen processing [Brander &
Walker, 2000], this strategy seems to be a successful one
and it is feasible that the highly variable HIV genome pro-
vides ample opportunities for this kind of immune evasion.
This is different when escape occurs within the epitope
and the epitope is still processed and presented. Except
in cases of escape mutation in dominant anchor positions,
these changes may mediate escape from TCR recognition
but still bind to the restricting allele, thus allowing for the
induction of a new population of CTL responses against
the escaped variant [Allen ef al.,[2005; Haas et al.,{1996].
Further work will need to be done to assess the frequency
and relevance of processing escape, but existing and in
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Optimal HIV-1 CTL Epitopes

some cases quite dramatic examples of TCR and/or HLA
binding escape should not conceal this potential strategy.
In addition, processing escape will or may already have
influenced global viral evolution in different ways than
CTL escape as other, likely more limited genetic poly-
morphisms (TAP for instance) may be imprinted on the
viral sequences. These considerations can have profound
implications for vaccine development and may complicate
immunogen sequence design considerably, and the dis-
crimination between processing and CTL escape depends
on an accurate description of the actual presented epitopes.

I-A-3 Are “relic” epitopes on the rise?

Adaptation of (viral) pathogens to the human host has been
well documented in the past and intensively studied for
HIV. Work by a number of laboratories has pointed to-
wards an important role of HLA class I polymorphism
and viral evolution, presumably through viral adaptation
to HLA class I restricted CTL responses [Altfeld ez al.}
2005} [Leslie et al.l, [2005; Moore et al., |2002]. A num-
ber of studies have in the meantime identified populations
with particularly high frequencies of specific HLA class
I alleles and associated specific local sequences with es-
cape from CTL epitopes restricted by these common HLA
alleles. Such studies include HLA-B57 positive individ-
uals in South Africa, HLA-A24 expression subjects in
the Japanese population and others that have been used to
track potential CTL epitopes by reverse genetic approaches
[Allen et al.l 2004} de Oliveira et al.,2004; [Furutsuki ef al.,
2004} Leslie et al.| 2005]]. Furthermore, in a recent work
from our laboratory, population wide adaptation may even
have rendered an HLA allele, in this case HLA-B*1503,
from being associated with reduced viral load in a popu-
lation with low allele frequency to a an allele associated
with higher than average viral load in the population where
it is overly frequent [|Frahm ef al.| 2005b|]. However, the
kinetics of such population wide adaptation and possi-
ble founder effects need to be seriously considered when
interpreting these data as similar sequence patterns may
emerge in population that do not share specific high fre-
quency alleles [Korber et al., 2005]]. Regardless of whether
founder effects may, at least partially, be responsible for
the observed imprinting, high allele frequencies very likely
facilitate the maintenance of escape variants and bear the
question as to whether CTL responses restricted by com-
mon HLA alleles can be of significant importance for in
vivo viral control [Lieberman||[2002]]. As viral adaptation
to any CTL pressure, including that restricted by common
alleles, may result in reduced viral fitness and thus reduced
in vivo viral burden, CTL responses restricted by common
alleles may indeed contribute to viral control [Brander &
‘Walker, |2003|]. Despite frequent reversion of escaped CTL
epitopes in hosts not expressing the restricting allele, espe-

Are “relic” epitopes on the rise?

cially CTL epitopes restricted by common alleles may be
eliminated from the circulating viral population. Inclusion
of such “relic” epitopes in vaccine design may for obvi-
ous reasons not provide much protection from infection
by contemporary, circulating viral isolates and highlights
again the need to have well defined epitope maps available
for all clades of HIV.

As in the past years, we attempted to adhere for the
present listing to a number of criteria that need to be ful-
filled for inclusion [Brander & Walker, |1995; [Hunziker
et al.,[1998]. While these criteria should help to ensure
proper identification of the minimal epitope targeted at
the lowest peptide concentration and provide unequivocal
identification of the restricting HLA class I allele, there
may still be occasions where the data reported here conflict
with data in other laboratories. We would like to encour-
age any investigator who observes discrepancies in his/her
own data with what is reported here to bring this to our
attention. Especially, we have reported earlier on cases
of epitopes that appear to be presented on more than one
allele; a phenomenon that may be more widespread than
previously assumed and which may profoundly compli-
cate data interpretation. Such information on additional
presenting alleles can be highly useful for other investiga-
tors and we would welcome any contribution of this kind.
Similarly, as newly identified epitopes may violate known
HLA binding motifs or may be embedded in previously de-
scribed epitope sequences, properly mapped epitopes may
help to refine currently incompletely defined allele-specific
binding motifs, thereby not only facilitating work in HIV
but in other viral infections, cancer and autoimmunity as
well.
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I-A-4 Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes.

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*0101 (A1) gpl160 787-795 RRGWEVLKY  |Cao,[2002: té)
[
A2 RT 127-135 YTAFTIPSV |Draenert, 2004 2
2l
A*0201 (A2) 2 6 C [Falk et all|1991;Barouch et al.l 1995
1° anchor L L
M ')
2° anchor v
A*0201 (A2) pl7 77-85 SLYNTVATL Johnson et al.,|1991} |Parker et al.,{1992,(1994
A*0201 (A2) pl 1-10 FLGKIWPSYK |Yu et al.,[2002b
A*0201 (A2) RT 3341 ALVEICTEM |Haas et al.|1998; Haas||1999
A*0201 (A2) RT 179-187 VIYQYMDDL |Harrer et al.,|1996a
A*0201 (A2) RT 309-317 ILKEPVHGV |Walker et al.||1989; Tsomides et al.,|1991
A*0201 (A2) Vpr 59-67 AIIRILQQL |Altfeld er al.,[2001alb
A*0201 (A2) gpl160 311-320 RGPGRAFVTI |Alexander-Miller et al.l 1996
A*0201 (A2) gpl160 813-822 SLLNATDIAV |Dupuis et al.,|1995
A*0201 (A2) Nef 136-145 PLTFGWCYKL [Haas et al.,|1996; |Maier & Autran, (1999
A*0201 (A2) Nef 180-189 VLEWRFDSRL |Haas et al.,|[1996; Maier & Autranl, 1999
A*0202 (A2) 2 C |Barouch et al.,|1995
L L
')
A*0202 (A2) pl7 77-85 SLYNTVATL |Goulder, 1999
A*0205 (A2) pl7 77-85 SLYNTVATL |Goulder,|1999
A*0205 (A2) gpl160 846-854 RIRQGLERA |Sabbaj et al., 2003
A*0207 (A2) p24 164-172 YVDRFYKTL |Currier et al., 2002
A*0301 (A3) pl7 18-26 KIRLRPGGK |Harrer ef al.,|1996b
A*0301 (A3) pl7 2028 RLRPGGKKK  |Goulder et al.,|1997b; |Culmann, |1999; |Lewinsohn &
Riddell, [1999; [Wilkes & Ruhl, [1999
A*0301 (A3) pl7 20-29 RLRPGGKKKY  |Goulder et al., 2000b
A*0301 (A3) RT 33-43 ALVEICTEMEK |Haas et all|1998;Haas| 1999
A*0301 (A3) RT 73-82 KLVDFRELNK |Yu et al.2002a
A*0301 (A3) RT 93-101 GIPHPAGLK |Yu et all2002a
A*0301 (A3) RT 158-166 AIFQSSMTK |Threlkeld et al., 1997
A*0301 (A3) RT 269-277 QIYPGIKVR |Yu et all2002a
A*0301 (A3) RT 356-366 RMRGAHTNDVK  |Yu et al.,[2002al
A*0301 (A3) Integrase  179-188 AVFIHNFKRK [|Yu et all2002al
A*0301 (A3) Vif 17-26 RIRTWKSLVK |Altfeld et al.l2001a; Yu et al.,|2002a
A*0301 (A3) Vif 28-36 HMYISKKAK |Yu et all2002a
A*0301 (A3) Vif 158-168 KTKPPLPSVKK  |Yu et al.l2002a
A*0301 (A3) Rev 57-66 ERILSTYLGR |Addol2002; Yu et al.,[2002al
A*0301 (A3) gpl60 37-46 TVYYGVPVWK Johnson et al.,|{1994
A*0301 (A3) gpl60 770-780 RLRDLLLIVTR [Takahashi et al.l 1991
A*0301 (A3) Nef 73-82 QVPLRPMTYK |Koenig et al.l|1990; |Culmann et al.| {1991
A*0301 (A3) Nef 84-92 AVDLSHFLK |Yu et al.,[2002a
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
A*1101 (A11) 2 C |Zhang et al.l|1993; Rammensee et al., {1995
K
v
I
F
Y
A*1101 (A11) pl7 84-92 TLYCVHQRI |Harrer et al.,|1998
A*1101 (A11) p24 217-227 ACQGVGGPGHK  Sipsas ef al.,|1997
A*1101 (Al11) RT 158-166 AIFQSSMTK Johnson & Walker, 1994} Zhang et al.,|1993;
Threlkeld et al., 1997
A*1101 (A11) RT 341-350 IYQEPFKNLK |Culmannl /1999
A*1101 (A11) RT 520-528 QIIEQLIKK |Fukada et al.,|1999
A*1101 (A11) Integrase 179-188 AVFIHNFKRK |Fukada et al.,|1999
A*1101 (A11) gpl160 199-207 SVITQACPK |Fukada et al.,|1999
A*1101 (A11) Nef 73-82 QVPLRPMTYK |Buseyne, 1999
A*1101 (A11) Nef 75-82 PLRPMTYK |Culmann et al.,|1991
A*1101 (A11) Nef 84-92 AVDLSHFLK |Culmann et al.,|1991
A23 gp4l 74-82 RYLKDQQLL |Cao et al., 2003
A*2402 (A24) 2 C |Maier et al.l|1994
Y I
L
F
A*2402 (A24) pl7 28-36 KYKLKHIVW |Ikeda-Moore et al.,|1998; |Lewinsohnl|1999
A*2402 (A24) p24 162-172 RDYVDRFFKTL Dorrell et al.,{1999; Rowland-Jones) |1999
A*2402 (A24) gpl160 52-61 LFCASDAKAY |Lieberman et al.,|1992; |Shankar et al., |1996
A*2402 (A24) gpl160 585-593 RYLKDQQLL |Dai et al.,|1992
A*2402 (A24) Nef 134-141 RYPLTFGW |Goulder et al., 1997a; Ikeda-Moore et al.,|1998
A*2501 (A25) p24 13-23 QAISPRTLNAW |Kurane & West, (1999
A*2501 (A25) p24 71-80 ETINEEAAEW |Klenerman et al.,|1996;|van Baalen et al.,|1996
A*2601 (A26) 12 6 C |Dumrese et all|1998
) Y
T F
I
L
F
D I
E L
v
A*2601 (A26) p24 3543 EVIPMFSAL |Goulder et al.,|1996a
A*2601 (A26) RT 449-457 ETKLGKAGY [Sabbaj et al.,[2003
A29 Nef 120-128 YFPDWQNYT |Draenert et al.,2004a!
A*2902 (A29) pl7 78-86 LYNTVATLY |Masemola et al.,[2004
A*2902 (A29) gpl160 209-217 SFEPIPIHY |Altfeld, 2000
6 HIV Molecular Immunology 2005



Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

)
=
2
>
[
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HLA Protein AA Sequence Reference
A30 pl7 34-44 LVWASRELERF Masemola et al., 2004
A*3002 (A30) 12 C |Rammensee et al., (1999

Y Y

F

L

')

R
A*3002 (A30) pl7 76-86 RSLYNTVATLY  |Goulder et al., 2001
A*3002 (A30) RT 173-181 KQNPDIVIY |(Goulder et al} 2001
A*3002 (A30) RT 263-271 KLNWASQIY [Goulder et al.} 2001
A*3002 (A30) RT 356-365 RMRGAHTNDV  |Sabbaj et al., 2003
A*3002 (A30) Integrase  219-227 KIQNFRVYY [Sabbaj et al., 2003; Rodriguez et al., 2004
A*3002 (A30) gpl160 310-318 HIGPGRAFY |Sabbaj ef al., 2003
A*3002 (A30) gpl60 704-712 IVNRNRQGY |Goulder et al.,[2001
A*3002 (A30) gpl160 794-802 KYCWNLLQY |Goulder et al.} 2001
A*3101 (A31) 2 C |Falk et al.,|1994; Rammensee et al.,|1999
R

L

v

Y

F
A*3101 (A31) gpl160 770-780 RLRDLLLIVTR |Safrit et all|1994alb
A*3201 (A32) RT 392-401 PIQKETWETW [Harrer et al.l|1996b
A*3201 (A32) gpl160 419-427 RIKQIINMW [Harrer et al.,|1996b
A33 Nef 133-141 TRYPLTFGW |Caol[2002
A*3303 (A33) gp4l 187-196 VFAVLSIVNR |Hossain ef al., 2001
A*3303 (A33) gp4l 320-327 EVAQRAYR Hossain et al., 2001
A*3303 (A33) Vpu 29-37 EYRKILRQR |Addo et al., 2002
A*6801 (A68) Tat 39-49 ITKGLGISYGR |Oxenius et al.l 2002
A*6801 (A68) Vpr 52-62 DTWAGVEAIIR |Sabbaj et all 2004
A*6802 (A68) RT 436-445 GAETFYVDGA Rathod & Kiepiela, 2005
A*6802 (A68) Protease 3-11 ITLWQRPLV |Rowland-Jones,|1999
A*6802 (A68) Protease 30-38 DTVLEEWNL |Rowland-Jones| /1999
A*6802 (A68) Vpr 48-57 ETYGDTWTGV |Rathod & Kiepiela, [2005
A*6802 (A68) gpl160 777-785 IVTRIVELL |Wilkes} 1999
A*7401 (A19) Protease 3-11 ITLWQRPLYV |Rowland-Jones, 1999
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B7 p24 84-92 HPVHAGPIA |Yu et all2002a
B7 RT 156-164 SPAIFQSSM |Frahm & Brander, [2005
B*0702 (B7) 123 C [Englehard et al.,|1993; |Rammensee ef al., 1999
P L
AR F
R K
B*0702 (B7) p24 16-24 SPRTLNAWV  |Lewinsohn,|1999
B*0702 (B7) p24 48-56 TPQDLNTML  |Wilson, [1999; |Wilkes et al.,|1999; Jin et al., 2000;
Wilson et al.,[1997
B*0702 (B7) p24 223-231 GPGHKARVL [Goulder, 1999
B*0702 (B7) Vpr 34-42 FPRIWLHGL |Altfeld ef al.,[2001a
B*0702 (B7) Vif 48-57 HPRVSSEVHI |Altfeld et al.,[2001a
B*0702 (B7) gpl160 298-307 RPNNNTRKSI  |Safrit et al.l|1994b
B*0702 (B7) gpl60 843-851 IPRRIRQGL |Wilkes & Ruhl, 1999
B*0702 (B7) Nef 68-77 FPVTPQVPLR [Haas et al.,|1996; Maier & Autranl (1999
B*0702 (B7) Nef 68-76 FPVTPQVPL |[Bauer et al.,{1997;|Frahm & Goulder, 2002
B*0702 (B7) Nef 71-79 TPQVPLRPM |Goulder, {1999
B*0702 (B7) Nef 77-85 RPMTYKAAL |Bauer et al.,|1997
B*0702 (B7) Nef 106-115 RQDILDLWIY |Goulder,|1999
B*0702 (B7) Nef 128-137 TPGPGVRYPL |Culmann-Penciolelli et al.,|1994; |Haas et al., 1996
B8 gpl160 848-856 RQGLERALL |Cao,[2002
B*0801 (BS) 23 5 C [Hill et al.,|1992; |Sutton et al.,|1993; |DiBrino et al.,
1994b
KK L
R
PR
L
B*0801 (B8) pl7 24-32 GGKKKYKLK  [Reid et al.,|1996; \Goulder et al.,|1997d
B*0801 (B8) pl7 74-82 ELRSLYNTV |Goulder et al.,|{1997d
B*0801 (B8) p24 128-135 EIYKRWII |Sutton et al.,|1993; Goulder et al.l|1997d
B*0801 (B8) p24 197-205 DCKTILKAL [Sutton et al.,|{1993
B*0801 (B8) RT 18-26 GPKVKQWPL  |Walker et al.,|1989; Sutton ef al., {1993
B*0801 (B8) gpl60 2-10 RVKEKYQHL |Sipsas ef al.,|1997
B*0801 (B8) gpl60 586-593 YLKDQQLL Wohnson et al.l|1992;|Shankar et al.,|1996
B*0801 (B8) Nef 13-20 WPTVRERM |Goulder et al.,|{1997d
B*0801 (B8) Nef 90-97 FLKEKGGL |Culmann-Penciolelli et al.,|1994; |Price et al.,|1997
B13 Nef 106-114 RQDILDLWI [Harrer et al.,|2005
Bl14 p2p7plp6  42-50 CRAPRKKGC  |Yu et al.l2002b
B*1402 (B14) 23 5 C |DiBrino et al.l|1994a
R R L
K H
L
Y
F
B*1402 (B14) p24 166-174 DRFYKTLRA |Harrer et al.,|1996b
B*1402 (B14) gpl60 584-592 ERYLKDQQL Johnson et al.,|{1992
8 HIV Molecular Immunology 2005
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*1501 (B62) 2 C
Q Y |Barber et al.||1997
L F |[Barber et al.| (1997
M Barber et al., 1997 ‘é’
B*1501 (B62) p24 137-145 GLNKIVRMY Johnson et all|1991;|Goulder, (1999 o
B*1501 (B62) RT 260-271 LVGKLNWASQIY Johnson, 1999 >
B*1501 (B62) RT 309-318 ILKEPVHGVY Johnson et al.,|{1991;Johnson, |1999 «
B*1501 (B62) Nef 117-127 TQGYFPDWQNY  (Culmann, {1999
B*1503 (B72) p24 24-32 VKVIEEKAF [Honeyborne & Kiepiela, [2005
B*1503 (B72) p24 164-172 YVDRFFKTL |Masemola et al.,[2004
B*1503 (B72) RT 496-505 VTDSQYALGI [Sabbaj et al.l 2003
B*1503 (B72) Integrase  135-143 IQQEFGIPY [Honeyborne & Kiepiela,[2005
B*1503 (B72) Integrase  185-194 FKRKGGIGGY [Honeybornel 2003
B*1503 (B72) Integrase  263-271 RKAKIIRDY |Cao et al.l 2003
B*1503 (B72) Tat 38-47 FQTKGLGISY |Novitsky ef al., 2001
B*1503 (B72) Nef 183-191 WRFDSRLAF  |Cao, 2002
B*1510 (B71) p24 12-20 HQAISPRTL |Day, 2005
B*1510 (B71) p24 61-69 GHQAAMQML  Day, 2003
B*1510 (B71) Vif 79-87 WHLGHVSI |Honeyborne, 2003
B*1516 (B63) 2 9 |Barber et al.,|1997; Seeger et al.,|1998
T Y
S I
v
F
B*1516 (B63) gpl160 375-383 SFNCGGEFF  Wilson et al.,|1997; Wilson, 1999
B*1801 (B18) p24 161-170 FRDYVDRFYK |Ogg et al.| {1998
B*1801 (B18) Vif 102-111 LADQLIHLHY |Altfeld et al.,[2001a
B*1801 (B18) Nef 135-143 YPLTFGWCY [Culmann et al.l|1991; |Culmann-Penciolelli et al.,
1994
B27 Vpr 31-39 VRHFPRIWL |Addo & Rathod, 2004
B*2703 (B27) p24 131-140 RRWIQLGLQK [Rowland-Jones et al.,|1998; Rowland-Jones, 1999
B#*2705 (B27) 12 C Jardetzky et al.l|1991; Rammensee et al.,|1995
R L
F
K K
R R
G I
A
B*2705 (B27) pl7 19-27 IRLRPGGKK McKinney et al.,|1999; |Lewinsohn, |1999
B*2705 (B27) p24 131-140 KRWIILGLNK |Nixon et al.,|1988; Buseyne ef al.,|1993;|Goulder
et al.,|1997¢c
B*2705 (B27) gpl160 786-795 GRRGWEALKY |Lieberman et al.,|1992; Lieberman, 1999
B*2705 (B27) Nef 105-114 RRQDILDLWI |Goulder et al.,|1997b

HIV Molecular Immunology 2005



s
)
=
@
=
7]

Optimal HIV-1 CTL Epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*3501 (B35) 2 C |Hill et al.;|1992; Rammensee et al.,|1999
P Y
A F
v M
S L
I
B*3501 (B35) pl7 36-44 WASRELERF  |Goulder ef al., 19974
B*3501 (B35) pl7 124-132 NSSKVSQNY |Rowland-Jones ef al.,|1995
B*3501 (B35) p24 122-130 PPIPVGDIY |Rowland-Jones et al.||1995
B*3501 (B35) p24 122-130 NPVPVGNIY |Rowland-Jones ef all 1995
B*3501 (B35) RT 107-115 TVLDVGDAY  |Wilkes & Ruhl,|1999; [Wilson et al.L|1999
B*3501 (B35) RT 118-127 VPLDEDFRKY  [Sipsas et al.,{1997; Shiga et al., {1996
B*3501 (B35) RT 175-183 NPDIVIYQY |Sipsas ef al.,|1997;|Shiga et al., 1996
B*3501 (B35) RT 175-183 HPDIVIYQY |Rowland-Jones ef all|1995
B*3501 (B35) gpl60 42-52 VPVWKEATTTL |Wilkes & Ruhl, 1999
B*3501 (B35) gpl60 78-86 DPNPQEVVL [Shiga et al.l|{1996
B*3501 (B35) gpl60 606-614 TAVPWNASW  Johnson et al., {1994
B*3501 (B35) Nef 74-81 VPLRPMTY  |Culmann et al., 1991} |(Culmann-Penciolelli et al.,
1994
B*3701 (B37) 2 C [|Falk et al.,|1993
D F
E M
L
I
B*3701 (B37) Nef 120-128 YFPDWQNYT  |Culmann ef al.l {1991} |Culmann, {1999
B*3801 (B38) Vif 79-87 WHLGQGVSI |Sabbaj et al., 2004
B*3801 (B38) gpl160 104-112 MHEDIISLW |Cao} 2002
B*3901 (B39) 2 C |Falk et al||1995a
R L
H
B*3901 (B39) p24 61-69 GHQAAMQML  |Kurane & West, (1999
B*3910 (B39) p24 48-56 TPQDLNTML  Honeyborne & Kiepielal 2005
B*4001 (B60) 2 C [|Falk et al.,[1995b
E L
B*4001 (B60) pl7 92-101 IEIKDTKEAL |Altfeld et al.l 2000
B*4001 (B60) p24 44-52 SEGATPQDL |Altfeld et al.| {2000
B*4001 (B60) p2p7plp6  118-126 KELYPLTSL |Yu et al.,[2002b
B*4001 (B60) RT 5-12 IETVPVKL |Draenert, 2004
B*4001 (B60) RT 202-210 IEELRQHLL |Altfeld et al., 2000
B*4001 (B60) gpl160 805-814 QELKNSAVSL |Altfeld et al., 2000
B*4001 (B60) Nef 3745 LEKHGAITS |Draenert, {2004
B*4001 (B60) Nef 92-100 KEKGGLEGL |Altfeld et al., 2000

10
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

)
=
2
>
[
o

HLA Protein AA Sequence Reference
B*4002 (B61) pl7 11-19 GELDRWEKI |Sabbaj ef al., 2003
B*4002 (B61) p24 70-78 KETINEEAA |Sabbaj ef al.l, 2003
B*4002 (B61) p24 78-86 AEWDRVHPV  |Sabbaj et al.,[2003
B*4002 (B61) p2p7plp6  64-71 TERQANFL [Sabbaj et al.| 2003
B*4002 (B61) Nef 92-100 KEKGGLEGL [Sabbaj et al. 2003} |Altfeld et al.l 2000
B42 Integrase  260-268 VPRRKAKII |Kiepiela & Goulder, 2002
B*4201 (B42) p24 48-56 TPQDLNTML  |Goulder et al.,[2000a
B*4201 (B42) RT 271-279 YPGIKVRQL |Wilkes & Ruhl,|1999
B*4201 (B42) Nef 128-137 TPGPGVRYPL |Goulder, {1999
B44 Protease 34-42 EEMNLPGRW Rodriguez et al., 2004
B*4402 (B44) 2 C |Rammensee et al. 1999
E F
Y
B*4402 (B44) p24 162-172 RDYVDRFYKTL (Ogg et al.,{1998
B*4402 (B44) p24 174-184 AEQASQDVKNW  |Lewinsohnl 1999
B*4402 (B44) gpl60 31-40 AENLWVTVYY  |Borrow et al.,|1997
B*4403 (B44) pl7 78-86 LYNTVATLY Masemola et al., 2004
B*4415 (B12) p24 28-36 EEKAFSPEV  Bird et al.l 2002
B*4501 (B45) p2p7plp6  1-10 AEAMSQVTNS Sabbaj et al.,[2004
B50 Nef 37-45 LEKHGAITS |Draenert, 2004
B51 Vif 57-66 IPLGDAKLII [Bansal et al.,[2004
B51 Vpr 29-37 EAVRHFPRI |Cao et al.l 2003
B*5101 (B51) 2 C |Falk et al.,|1995a
A F
P I
G
B*5101 (B51) RT 42-50 EKEGKISKI |Haas et al.,|1998; Haas||1999
B*5101 (B51) RT 128-135 TAFTIPSI [Sipsas et all|1997
B*5101 (B51) gpl160 416-424 LPCRIKQII [Tomiyama et al.,|1999
B*5201 (B52) 2 C |Rammensee et al., 1999
I
)
Q
B*5201 (B52) p24 143-150 RMYSPTSI |Wilkes & Ruhl,|1999; Wilson et al.l 1997
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
BS53 Nef 135-143 YPLTFGWCF  [Kiepiela & Goulder, {2002
B*5301 (B53) 2 C
P L |Hill et all|1992
B*5301 (B53) p24 48-56 TPYDINQML |Gotch et al.l|1993
B*5301 (B53) p24 176184 QASQEVKNW  Buseyne et al., {1996, |1997; Buseyne, |1999
B*5301 (B53) Tat 2-11 EPVDPRLEPW |Addo et al., 2001
B*5301 (B53) Nef 135-143 YPLTFGWCY |Sabbaj et al.,[2003
B*5501 (BSS5) 2 C |Barber et al.| {1995
P
A
B*5501 (B55) gpl60 42-51 VPVWKEATTT |Shankar et al., |1996; |Lieberman, |1999
B57 p24 32-40 FSPEVIPMF |Frahm et al.l2005a
B57 Protease 70-77 KAIGTVLV |Frahm et al.|2005a
B57 Integrase 123-132 STTVKAACWW |Rodriguez et al.,[2004;|Addo & Rathod), 2004
B57 Nef 116-124 HTQGYFPDW |Draenert, 2002
B57 Nef 127-135 YTPGPGIRY |Frahm et al.,[2005a
B57 Nef 137-145 LTFGWCFKL |Frahm et al.l2005a
B*5701 (B57) 12 C |Barber et al., /1997
A F
T W
S
K Y
B*5701 (B57) p24 1523 ISPRTLNAW |Johnson et al., 1991} \Goulder et al.l |1996b
B*5701 (B57) p24 30-40 KAFSPEVIPMF |Goulder et al.l|1996b
B*5701 (B57) p24 108-118 TSTLQEQIGWF |Goulder et al.,|1996b
B*5701 (B57) p24 176-184 QASQEVKNW  |Goulder et al.l|1996b
B*5701 (B57) RT 244-252 IVLPEKDSW |van der Burg et al.,|1997; |Hay, 1999
B*5701 (B57) Integrase 173-181 KTAVQMAVF  |Goulder et al.,|1996b; Hay, (1999
B*5701 (B57) Vpr 30-38 AVRHFPRIW |Altfeld ef al.,[2001a
B*5701 (B57) Vif 31-39 ISKKAKGWF  |Altfeld ef al.,[2001a
B*5701 (B57) Rev 14-23 KAVRLIKFLY |Addo et all 2001
B*5701 (B57) Nef 116-125 HTQGYFPDWQ |Culmann et al.,|1991
B*5701 (B57) Nef 120-128 YFPDWQNYT  |Culmann et al.,|1991
B*5703 (B57) p24 30-37 KAFSPEVI |Goulder et al., 2000b
B*5703 (B57) p24 30-40 KAFSPEVIPMF |Goulder et al.,[2000b
B58 pl7 76-86 RSLYNTVATLY |[Frahm et al.,[2005a
B58 Tat 2-11 EPVDPRLEPW |Frahm & Brander, [2005
12 HIV Molecular Immunology 2005
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference
B*5801 (B58) 12 C [Barber et al., {1997} [Falk et al.l|1995b
A F
T W
S »
K 3
v 3
I oc
B*5801 (B58) p24 108-117 TSTVEEQQIW |Bertoletti et al..|1998
B*5801 (B58) p24 108-117 TSTLQEQIGW |Goulder et al.,|[1996b
B*5801 (B58) RT 375-383 IAMESIVIW [Kiepiela & Goulder, 2002
B*5801 (B58) Rev 14-23 KAVRLIKFLY |Addo ef all2001
B62 Nef 19-27 RMRRAEPAA [Cao, 2002
B63 pl7 76-86 RSLYNTVATLY  |Frahm et al., 20052
B63 p24 15-23 ISPRTLNAW [Frahm et al.l[2005a
B63 p24 30-40 KAFSPEVIPMF |Frahm et al.||2005a
B63 Rev 14-23 KAVRLIKFLY |Frahm et al.,[2005a
B63 Nef 127-135 YTPGPGIRY |Frahm et al.,2005a
B63 Nef 137-145 LTFGWCFKL |[Frahm et al.l[2005a
B81 Pol 715-723 LFLDGIDKA |Addol 2002
B*8101 (B81) p24 48-56 TPQDLNTML  |Goulder et al.,2000a
B*8101 (B81) Vpr 34-42 FPRIWLHGL |Altfeld et al.,[2001a
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference
Cw*0102 (Cwl) 23 C |Barber et al., {1997
A L
L
‘:l? P
‘SD. Cw*0102 (Cwl) p24 3643 VIPMFSAL |Goulder et all|1997a
S
@ Cw3 Nef 83-91 AALDLSHFL  [Draenert, 2004
Cw*0303 (Cw9)  p24 164-172 YVDRFFKTL |[Honeybornel 2003
Cw*0304 (Cwl10) p24 164-172 YVDRFFKTL |Honeyborne, 2003
Cw*0304 (Cw10) gp4l 46-54 RAIEAQQHL |Currier et al.,[2002; Trocha), 2002
Cw*0401 (Cw4) 2 6 C |Falketall|1994
Y L
P F
F M
vV
I
L
Cw*0401 (Cw4) gpl60 375-383 SFNCGGEFF |Wilson et al., 1997} |Johnson et al.|[1993
Cw5 Gag p24 174-185 AEQASQEVKNWM |Draenert, 2004
Cwb6 Nef 120-128 YFPDWQNYT |Frahm & Brander, 2005
Cw7 Nef 105-115 KRQEILDLWVY |Kiepiela & Goulder, 2002
Cw7 Nef 105-115 RRQDILDLWIY |Yu et al.,[2002al
Cw*0802 (Cw8) p24 48-56 TPQDLNTML  |Goulder et al.,[2000a; Honeyborne & Kiepiela, 2005
Cw*0802 (Cw8) Nef 83-91 AAVDLSHFL [Cao et al.,[2003
Cw*0804 (Cw8) pl7 33-31 HLVWASREL Masemola et al.| 2004
Cwl2 Tat 30-37 CCFHCQVC [Cao et al.,[2003; |Nixon ef al., {1999
Cwl4 pl7 78-85 LYNTVATL |Horton & Havenar-Daughton, 2005
Cwl5 gp4l 46-54 RAIEAQQHL [Trocha, 2002
Cwl8 p24 161-169 FRDYVDRFF  |Honeyborne & Kiepiela, 2005
Cw*1801 (Cwl18) Integrase  165-172 VRDQAEHL |Rathod & Kiepiela, 2005
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Acute HIV Infection: Implications for HIV
Spread, Disease Progression, and Vaccine

Development

Myron S. Cohen®"<, Jeffrey A. Anderson®°,
Ronald Swanstrom? <-4

I-B-1 Acute HIV infection and its
detection

The natural history of initial HIV infection can be arbitrar-
ily divided into phases that include acute HIV infection, the
first stage of disease (when HIV RNA can be detected in
blood) before most HIV-specific antibodies form; recent or
early infection, when antibodies in reduced concentration
or reduced avidity can be detected; and established chronic
HIV infection [Fiebig et al, 2003} Pilcher
et al.,[2004a]). Finding patients before seroconversion is
critical to understand the HIV transmission event(s) effects
and the effect(s) of host defenses on the viral population.

Figure I-B.1: Acute/early HIV infection timeline.
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It is generally believed that half or more of patients
with acute or early HIV infection may develop a “mono-
like illness” [Schacker et al.|{1996; |Lavreys et al.,{2000;
Pilcher ef al.[2005]. Patients with acute HIV can present
either for acute symptomatic care [[Schacker ef al.,[1996],
for care of sexually transmitted disease (STD) symptoms
[Pilcher e al.,[2005], or (realizing their elevated risk) for
HIV testing. Although the diagnosis is rarely considered
in acute patient care or testing settings, the potential for
diagnosis is clearly present. For example, Rosenberg ef al.
[1999] reported that 1.0% of patients with negative tests for
EBYV (Epstein-Barr virus) infectious mononucleosis had
serology consistent with acute HIV infection, and |Pincus
et al.|[2003] found that 1.0% of patients with “any viral
symptoms” in a Boston urgent care center had unsuspected
acute HIV infection. However, searching for symptomatic
subjects is a relatively inefficient strategy to detect subjects
with acute or early HIV infection. For example, Rosenberg
et al. found only about 150 subjects over 8§ years [Kassutto
et al.l 2005]).

Alternative approaches involve “building a cohort” or
longitudinal evaluation. The cohort approach requires
enrollment of high risk, HIV seronegative subjects. For
example, |[Lavreys et al.|[[2000] followed 883 female sex
workers for up to five years at three month intervals. A
total of 103 seroconversion events were observed. Fever,
vomiting, diarrhea, headache, joint pain, body aches, skin
rash, lymphadenopathy, fatigue and pharyngitis were more
common among women who seroconverted. However,
these patients were virtually all beyond the acute (antibody
negative) phase of infection at the time of study.

Cross-sectional studies appear to offer the best strategy
to find subjects before seroconversion. This approach was
developed to make the blood supply safe, albeit at consid-
erable cost [Ruiz ef al.| 2001]|. Recognizing that traditional
antibody tests would inevitably miss some donors, blood
banks in the United States and many other countries chose
to eliminate infected (seronegative units) units with de-
tection of HIV RNA [Engelfriet & Reesinkl [2002; Roth
& Seifried, [2002; [Fang er al., 2003} Mine et al., 2003
Fiebig et al., 2003; |[Koppelman et al., 2005]. Bollinger
et al|[[1997] studied seronegative HIV in high risk sub-
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jects in India. Among 6,495 consecutive attendees at two
STD clinics in Pune, p24 antigen was detected in 58/3,874
(1.5%) of HIV seronegative samples. The majority of sub-
jects with acute infection (51/58) were men. A group of
290 controls were matched on age and gender and com-
pared for clinical signs of acute HIV infection. The most
common symptoms associated with p24 antigenemia were
fever, joint pain, inguinal lymphadenopathy, and night
sweats; at least one of these symptoms was found in 47%
of those with acute HIV infection.

Figure I-B.2: HIV-1 infections by testing site.
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A series of studies have been completed that are de-
signed to detect HIV RNA in blood in a large number of
samples, using a serum pooling strategy adapted from the
blood banking industry [Pilcher ef al.l 2002, [2004b} [2005].
In North Carolina nearly 110,000 people seeking HIV test-
ing were studied [Pilcher et all 2005]. A total of 563
people with established HIV infection were identified. A
“detuned” ELISA assay designed to detect newly formed
antibodies suggested 103 recent infections in the group of
563. Among HIV antibody negative specimens, 23 with
HIV RNA (i.e., acute HIV infection) were detected. As
shown in [Figure T-B.2| most subjects with acute infection
were detected in STD clinics. The median blood viral
burden of subjects with acute HIV infection was 209,000
copies/ml, ten times greater than subjects with established
infection.

These findings have led to increased focus on STD clinic
subjects in developing countries [Pilcher et al.,|2004b]]. As
shown in a group of 1360 men in an STD
clinic in Lilongwe, Malawi were studied, and a total of 553
(40.6%) were HIV antibody positive. Analysis of HIV anti-
body negative specimens revealed that 24 men (1.8%) had
unrecognized acute HIV infection, which represented 5.0%
of all HIV infections detected. The factor most strongly as-
sociated with detection of acute HIV was attendance in the
STD clinic [OR: 15.2 (95% CI: 2.04, 113.0)]. Patients with
acute HIV infection had median blood viral burden > 10°
copies/ml, significantly higher than the 10*.5 copies/ml

median observed in chronic infections (Figure I-B.3).

These results have recently been confirmed [Fiscus et al.,
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Figure I-B.3: Viral load in Malawi: chronic and acute HIV
infection
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2005]. Among 1440 men and women studied in Malawi,
8% had established HIV infection and 1% (22 subjects)
had acute infection. A heat-dissociated p24 antigen ELISA
(see below) discerned 84% of the subjects with acute HIV
infection. Of 1906 consecutive clinic attendees (47% fe-
male) recruited in the Hillbrow, Esselen Street STD Clinic
in Johannesburg, SA, from April through October 2004
[Stevens et al.l 2005], a total of 672 individuals were HIV
antibody positive (35.2%). In addition, 12 subjects (1% of
antibody negative subjects) were HIV RNA positive (with
acute HIV infection).

I-B-2 The importance of acute HIV
infection

Detection of subjects with acute HIV infection raises three
related concerns: i) implications for HIV surveillance; ii)
opportunities to change the natural history of the disease;
iii) opportunities for prevention of transmission.

Implications for HIV surveillance

Established HIV infection is detected by antibody testing.
In recent years a variety of assays have been developed to
detect antibodies with reduced concentration or avidity that
are believed to reflect early (incident) infection [Janssen
et al.,|1998; Brust et al.,2000; |Stramer et al., 2000; |Glynn
et al.,[2000; (Chen et al.,[2002; [Stramer et al.,|2004]. The
precise relationship between the time of infection and the
veracity of these assays is difficult to assure, but current
evidence suggests that positive results are obtained for at
least several months after infection. Obviously, acute (truly
incident) infections are not detected with antibody testing
so the results of the cross-sectional methods applied to the
general population are complementary, and can be quite
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important if a substantial number of subjects are identified
[Pilcher et al., 2005]).

Implications for treatment

The earliest stages of HIV infection reflect a battle between
viral replication and emerging host defenses. The magni-
tude of the viral burden when the “set point” is reached
will help to determine the natural history of the diseases
[Mellors et al., 1996]. In addition, results from animals
and humans demonstrate considerable destruction of gut
lymphoid cells during the earliest weeks of HIV infection
[Lifson et al., |2003; |Guadalupe et al., [2003; |Brenchley
et al.,2004]. Accordingly, there has been great interest
in early treatment of HIV. However, to date no sustained
benefit of such therapy has been observed [Klein, 2001}
Gegeny, 2002} (Clements et al.l 2003 [Kaufmann et al.}
2004} D1 Mascio et al.l 20045 [Smith et al., [2004; Hammer,
2005]. Newer trials are focused on patients with acute or
very early infection, and the concomitant application of
antiviral drugs and agents that affect the cell cycle and/or
state of cellular activation.

Implications for transmission prevention

The efficiency of HIV transmission depends on the viral
burden [Quinn ef al.,[2000]] and the viral phenotype. The
great viral burden characteristic of acute HIV infection
virtually assures increased transmission risk [Pilcher et al.}
2004c]. In addition, many people with acute HIV infection
have untreated STDs [Pilcher et al.l2004b]] which further
increase genital tract viral shedding [Cohen et al.l [1997].
Mathematical modeling exercises have predicted that sub-
jects with acute infection could play a disproportionate
role in the epidemic. [Jacquez et al.| [1994]; Koopman
et al.|[1997]] and recent analysis of data from Uganda
[Koopman et al. [1997] provide compelling support for
this idea. |Wawer et al.|[2005]] estimated the probability
of HIV transmission from a subject with “early infection”
(measured an average of 2.5 months after seroconversion)
as 8.2/1000 episodes of intercourse, with established infec-
tion as 7-15/10,000, and with advanced (unrestrained and
untreated) infection as 2.8/1000. The authors estimated
that 43% of new HIV infections observed in their study
population could be ascribed to subjects with acute and
early infections.

I-B-3 Clades and transmission

The viral burden represents only a part of the story. The
genotype and phenotype of the viral population must also
play a crucial, albeit poorly understood role.

A key feature of HIV-1 is its genetic heterogeneity repre-
sented by distinct subtypes (A-K) [von Briesen et al.l[1990;
Leitner et al.| [2004]. The HIV-1 clades or subtypes are
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not equally distributed around the globe, with subtype C
representing approximately one-half of all infections. The
existence of these phylogenetic clades likely represents
an early isolation or bottleneck to establish subepidemics
out of a more diverse initial epidemic. In areas of cocir-
culating subtypes, recombinants are common, suggesting
there is no genetic barrier that has isolated the subtypes.
There has been widespread interest in the possibility that
the subtypes have different biological properties. A study
by Devito ef al.|[2002] suggests a differential response in
neutralizing antibodies in seronegative individuals exposed
to clades A and D vs. clade B. IgA purified from the blood
and genital tract from sex workers from Nairobi and Kenya,
wherein clades A and D predominate, demonstrated signif-
icant cross-clade HIV-1 neutralization. In contrast, a more
clade-specific pattern of neutralization was found in non-
infected sex partners of clade B individuals. In addition,
one study that indicated subtype C isolates have reduced
replicative capacity in cell culture relative to subtype B
isolates [Ball et al.l|2003[] runs counter to the world-wide
success of the subtype C virus, suggesting simple correla-
tions between in vitro measures of biology and subtypes
may be problematic.

One difference that has been widely reported is that sub-
type C HIV-1 appears to be less likely to undergo a corecep-
tor switch from using CCRS5 to using CXCR4 [Tscherning
et al L [1998;|Abebe et al.||1999; Bjorndal ef al.l|1999; |Ping
et al.,|1999; |Cecilia et al.l 2000; Morris et al.,2001]]. Since
most transmission events involve an RS virus, this might
suggest subtype C HIV-1 has an advantage in the rate of
transmission over subtypes that could have their RS pool
diluted with X4 viruses. However, the site of the block of
transmission of X4 viruses is not known, if indeed there is
one, so that the potential impact of this subtype difference
is hard to evaluate.

Others postulate that HIV-1 clade C could theoretically
be more genetically fit than other clades due to an increased
number of NFxB sites (up to 3 in clade C) within the long
terminal repeat which could enhance proviral DNA tran-
scription [Montano et al.| [2000]]. More direct indications
of potential differences between subtypes are suggested
by the detection of subtype C viral sequences, but not sub-
type A viral sequences, in vaginal secretions of a person
coinfected with subtype C and subtype A viruses [Iversen
et al.l [2005]] and higher rates of vertical transmission of
subtype C HIV-1 compared to subtypes A or D [Renjufi
et al.l 2004, as well as higher rates of nevirapine resis-
tance in women with subtype C vs. A or D after treatment
with single-dose nevirapine [Eshelman et al.| 2005]. Taken
together, these data suggest that different HIV clades may
alter disease progression and pathogenesis.
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I-B-4 The transmitted swarm

HIV-1 exists as a complex mixture of genotypic variants
within an infected person. This complexity can be used
to estimate the extent of the bottleneck that occurs during
transmission. Early reports were conflicting as to whether
the transmitted virus was homogeneous [Amedee ef al.l
1995; [Delwart et al.| 1994 |[Furuta et al.| [1994; [Kliks et al.,
2000; McNearney et al., [1993; Mulder-Kampinga et al.}
1993;|0u et al.L [1992; [Pang et al., 1992 Shankarappa et al.,
1999; [Sodora et al., 1998}, |Wolfs et al.l, (1992} Zhu et al.,
1993]], suggesting a strong bottleneck; or heterogeneous
[Delwart et al.,|1997; Dickover et al., 20015 [Enose et al.,
1997; [Kampinga et al.,[1997; Lamers et al.| 1993} [Learn
et al.l,|2002; [L1u et al.|1997; Nowak et al., |2002; [Pilcher
et al., 2001} Scarlatti et al., [1993; |Sutthent ef al., |1998;
Verhofstede e al., [2003; Wolinsky et al.[1996; Zhu et al.|
1996]], suggesting the transmission of multiple variants
[Rademeyer et al.| 2004; Ritola ez al., [ 2004].

Interest in this area was renewed with the report that
with heterosexual transmission women are frequently in-
fected with multiple variants while men are typically in-
fected with a single variant [Long et al.,[2000]. This study
was extended to detect transmission of multiple variants for
several other subtypes, although in smaller studies [[Sagar
et al.|2003]]. Moreover, genital tract infections have been
estimated to increase the risk of acquiring multiple vs. sin-
gle variants nearly five fold in women [Sagar et al.|[2004],
possibly secondary to transmission of cell-associated virus
with multiple proviruses. The detection of single variants
in men was reported but in a cohort where the risk factor
was not known [Delwart er al.l |2002]]. Conversely, mul-
tiple variants were detected early after transmission in a
homosexual male cohort but these variants became more
homogeneous in the subsequent weeks [Learn et al.,|2002].

Finally, we have detected multiple variants in half of the
men infected through homosexual exposure, suggesting
that this mode of transmission may be more similar to the
risk of women in heterosexual exposure than of men in het-
erosexual exposure [Ritola et al.2004]. The question of
the number of transmitted variants is important to resolve
for two reasons. First, the transmission of multiple variants
is inconsistent with transmission being infrequent and a
virus particle being the minimal infectious unit, suggesting
fundamental features of the mechanism of transmission re-
main unknown. Second, longitudinal follow-up of women
infected with single versus multiple variants showed that
infection with multiple variants was associated with more
rapid progression [Sagar ef al., 2003]]. Thus, features of
virus transmission and the impact of this earliest event in
infection on the entire disease course remain important
areas of study.
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I-B-5 Features of the transmitted virus

A long-standing interest in the vaccine field has been to
understand the nature of the transmitted virus as this is
ultimately the entity that a vaccine must protect against.
The null hypothesis is that the transmitted variant is simply
a randomly selected subset of the total virus population
in the donor. However, compartmentalization of the virus
population in the genital tract secretions that carry the
transmitted virus or early selection for specific variants in
the newly infected recipient could alter the composition
of the virus population in ways that might impact vaccine
design.

Derdeyn et al.| [2004] have reported that subtype C
HIV-1 isolated from newly infected subjects in a discor-
dant couple cohort have env genes that are largely homo-
geneous, encode Env proteins that are more neutralization
sensitive than the Env proteins of the donor virus, and
have shorter variable loop lengths in Env compared to the
circulating virus in the donor. The hypothesis to explain
these observations is that the recipient initially represents
an antibody-negative environment that rapidly selects for
variants that can grow more rapidly but at the expense of
having an Env protein that is more neutralization sensitive.

Similar reduced V1/V2 loop length and reduced num-
ber of glycosylation sites were observed in heterosexual
transmission of subtype A HIV-1 [Chohan et al., 2005].
However, no such differences in neutralization sensitivity,
variable loop length, or glycosylation site number have
been seen for (largely homosexual) transmission of sub-
type B HIV-1 [[Chohan et al.,|2005; [Frost et al.l 2005]. Tt
is not obvious how different subtypes or different modes
of transmission could have such a dramatic impact on de-
termining the nature of the transmitted variant. At present
these questions remain unresolved yet relevant to our un-
derstanding of HIV transmission and early infection.

I-B-6 HIV compartmentalization and
implications for transmission

Substantial research has focused on HIV-1 variation within
anatomical compartments in acute and chronic HIV-1 in-
fection; compartmentalization can occur in a variety of
areas including plasma, brain, genital tract secretions, or
within different leukocyte compartments [Zhu et al.| (1996
Eron et al.,|1998; |Staprans et al., 1999 Kiessling et al.}
1998;|Haddad et al.L[2000; |Gupta et al.,[2000; |Venturi et al.,
2000; [Pilcher et al.l 2001} [Poles et al.,2001; Sutthent et al.}
2001} [Zhang et al.| [2002; Potter et al., 2003 |Kemal et al.|
2003 Tirado et al.l [2004; Ghosn et al.l [2004; Potter et al.,
2004; Philpott et al., [2005} [Ritola et al.l 2005; Smit et al.|
2004; [Sullivan et al.,[2005; |Adal et al.,|2005]]. One of the
first examinations of viral compartmentalization was done
by |Zhu et al.| [1996], and examined envelope gp120 se-
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quences in plasma and genital secretions of patients acutely
infected with HIV-1, and their chronically-infected sexual
partners. Envelope sequences from the acutely infected
group were largely homogeneous, and represented a mi-
nor variant of the population found in the semen of the
transmitting partner. These data provided the first evidence
that HIV-1 selection may occur during sexual transmission.
Further analysis of envelope gp120 sequences during acute
infection revealed that variants transmitted during acute
infection form the genetic basis for subsequent viral diver-
sification that leads to heterogeneity in chronic infection
[Zhang et al., [2002]. |[Kemal ez al.| [2003]] found that in
a majority of women, gp120 sequences from the genital
tract and plasma are distinct. Envelope gp120 glycosy-
lation sites, which are hypothesized to form a protective
shield and facilitate neutralization escape, were signifi-
cantly different between the two compartments.

These studies suggest that compartmentalization ob-
served in chronic infection is likely secondary to gradual
viral evolution from a dominant species, rather than dif-
ferential migration of variants to various anatomical loca-
tions during acute infection. To analyze the dissemination
of HIV-1 into various anatomical compartments during
primary infection, including plasma, cerebrospinal fluid
(CFES), semen, cervicovaginal lavage fluid, and/or saliva
in 17 individuals, [Pilcher et al.|[2001] confirmed that viral
dissemination is highly efficient and dynamic, and con-
cluded that antiretroviral therapy is unlikely to limit initial
virus spread to most tissue compartments, although it may
reduce genital tract shedding and central nervous system
(CNS) expansion. In those subjects that are infected with
multiple variants, these variants appear to penetrate the
seminal compartment and CNS (CSF) equivalently [Ritolal
et al.l2004].

In addition, there is growing evidence that the genital
tract of both males and females can serve as a reservoir
for drug resistance mutations: paired analyses of plasma
and genital secretions in nine of twelve women exhibited
different drug-resistance mutations [Tirado et al.| [2004].
A similar result was obtained in men, wherein the rate and
pattern of emergence of resistance varied between plasma
and semen [Eron ef al.l [1998]]. Additional phylogenetic
analyses of clones of the HIV pro gene have revealed vari-
ants in semen that originate not only from passive diffusion
from blood, but also from local production within semen
[Ghosn et al., [2004]. Additional studies to analyze the
interplay between cellular, humoral, and viral factors in-
volved in drug resistance and compartmentalization are
critical to HIV pathophysiology and controlling the infec-
tion.
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I-B-7 Resistance characteristics of the
transmitted virus

Although highly active antiretroviral therapy (HAART)
has significantly decreased morbidity and mortality from
HIV, treatment remains problematic due to the develop-
ment of resistance to antivirals and evasion of the host
immune system. Blower et al.|[2001]] have identified sev-
eral factors that may enhance the transmission of resistant
virus: an increasing proportion of HIV-infected patients
who are on antiviral therapy (increased probability of ac-
quiring infection from treated person), an increasing rate
at which patients on antiviral treatment develop drug resis-
tance (dependent on potency, adherence, genetic barriers),
an increasing relative fitness of the resistant strains (de-
pendent on replicative capacity of the resistant strain), a
decreased transmissibility of drug-sensitive strains from
treated patients, and individual risk factors.

Surveillance of the transmitted variants is crucial to
understanding these factors, rational drug use and vac-
cine development. Indeed, transmission of drug-resistant
viruses has been the subject of intense scrutiny in the re-
cent past and remains a significant public health concern.
A series of prevalence reports from North America and
Europe indicate the transmission of HIV-1 resistance is
steadfastly increasing [[Salomon et al.l 2000; |Grant ef al.|
2002} |de Mendoza et al.| 2005} |Yerly et al., 2001} |Little
et al.,[2002] with measurements ranging from 3% to 23%
for one or more drugs. Differences are at least in part
due to study design, number of patients, resistance testing,
definitions of resistance, geography, variability in antivi-
ral selection, timeline, and risk factors for transmission.
Although multiple studies have confirmed the increasing
frequency of transmission of drug-resistant virus, these
estimates may be an underestimate as the sequencing tech-
niques for genotypic analysis did not quantify minor popu-
lations below 25%. To determine the prevalence of these
minor variants, Metzner et al.|[2005] have devised a quan-
titative real-time PCR assay using allele-discriminating
oligonucleotides for three key resistance mutations, LOOM
(protease), K103N and M184V (RT). In 49 acute sero-
converters in Germany from 1999 to 2003, overall drug
resistant variants were detected in 20.4%. The L90M,
K103N, and M184V were found in 2%, 10%, and 12%,
respectively. Thus, knowledge of the prevalence of major
and minor resistance variants may impact antiretroviral
therapy.

Transmission of drug resistance mutations has been
shown to affect disease outcome and response to antiviral
treatment. |Little et al.|[2002] found that among subjects
infected with drug-resistant virus, there was a significant
delay in viral suppression after initiation of antiretrovi-
ral therapy (median of 88 days vs. 56 days). Moreover,
even though there was no significant difference in mean
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baseline plasma viral loads between the susceptible and
resistant cohorts, once suppression was achieved the time
to virological failure was significantly shorter in the pa-
tients infected with resistant virus (approximately 80%
vs. 40%, respectively, remaining suppressed 500 days af-
ter achieving viral suppression). These data indicate that
antiretroviral therapy is twice as likely to fail in patients in-
fected with drug-resistant virus. In addition, drug-resistant
HIV-1 isolates have been shown to persist in the host after
primary infection without reversion to wild-type, even in
the absence of drug therapy [Barbour ef al.l 2004; Brenner
et al.l [2002; |Chan et al., 2003} Delaugerre et al., [2004].
These data suggest that some drug-resistant mutants have
altered genetic fitness. In addition, Turner et al.|[2004]
compared the incidence of HIV-1 variants containing re-
sistance to thymidine analogues, RT inhibitors, and pro-
tease inhibitors in primary HIV and chronic HIV infection.
M184V was found in early HIV infected patients signifi-
cantly less than in the chronic (potential transmitter) HIV
infected group, 10% vs. 70%, respectively. The reduced
transmissibility of M184V in the potential transmitters
may be secondary to reduced viremia (up to 0.8 log lower)
or compartmentalization of variants lacking M184V.

I-B-8 Conclusions

Renewed interest has developed in acute and early infec-
tion in recent years. New strategies to identify subjects in
acute infection in the course of standard HIV screening
open the possibility of early intervention both to preserve
immune function (early therapy) and to reduce transmis-
sion during this period of high infectiousness. Analysis of
the transmitted virus has raised questions about the nature
of the transmission event and about the earliest features of
viral evolution with implications for vaccine design and
disease progression. The study of acute infection will con-
tinue to extend our knowledge about the earliest response
of the human host to the virus and its limitations that result
in a failure to clear the virus. This knowledge will become
the cornerstone of a new generation of vaccine strategies
based on a deeper understanding of these earliest events of
HIV-1 infection.
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I-C

Gateway to Tools of the HIV and HCV

Databases

Charles Calef?, Carla Kuiken?, James J. Szinger?,
Brian Gaschen®, Werner Abfalterer?, Ming
Zhang?, Ning Tao?, Robert Funkhouser?, Karina
Yusim?, Mark Flynn?, Anita Dalwani®, Brian
Foley?, William Bruno?, Thomas Leitner?, Bette
Korber?

I-C-1 Introduction

Over the years the staff of the HIV databases have devel-
oped web-based software for working with HIV sequence
data. This is a general overview of the tools that are avail-
able on the HIV database website. Many of these tools
are very simple, and were developed because we wanted
to ease frequently-used computational tasks for our col-
leagues who use the database.

Some tools are tailored for HIV or HCV, and have
counterparts developed specifically for the HCV (http:
//hcv.lanl.gov/) or HIV (http://hiv.lanl.gov)
databases. Others are general and can be used for analysis
of any organism. A fast way to understand what these
programs do is to click the “Sample Input” button on the
input page. This causes an example input file to be loaded
into the input page, so you can run the program to get an
idea about what the output looks like.

I-C-2 Outline of HIV database tools

This part of this publication provides an outline of these
programs organized by their functions. A short descrip-
tion of each tool is provided. If a tool can be applied to
any sequence, not just HIV or HCV, it is labeled, “Gen-
eral,” while a tool that is applicable only to HIV or HCV
sequences is labeled “HIV/HCV™.

2Los Alamos National Laboratory, Los Alamos, NM 87545, |seq-
info@lanl.gov, http://hiv.lanl.gov/

In HIV Molecular Immunology 2005. Bette T. M. Korber, Chris-
tian Brander, Barton F. Haynes, Richard Koup, John P. Moore, Bruce
D. Walker, and David I. Watkins, editors. Publisher: Los Alamos Na-
tional Laboratory, Theoretical Biology and Biophysics, Los Alamos, New
Mexico. LA-UR 06-0036. p.[33}[56]
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Formats
Convert between formats

Format Converter Converts sequence files between 18
standard bioinformatics formats. Automatic recognition
of input format. (General)

Seq-Convert Converts between 8 standard bioinformat-
ics formats. No automatic recognition of input format.
(General)

Formatting for publication

SeqPublish Formats an alignment for publication: identi-
cal columns are replaced by dashes, and the sequences
are printed interleaved in blocks of user-determined
length. (General)

Sequence and alignment manipulation

Translate Converts nucleotide sequences to 1-letter
amino acid sequences. (General)

Gapstreeze (Gap strip/streeze) Removes columns con-
taining more than a user-determined percentage of gaps.
(General)

Consensus Builds consensus sequences of alignments ac-
cording to user specifications. (General )

Generation of alignments

Gene Cutter Extracts coding regions from a nucleotide
alignment, codon-aligns and translates them, highlight-
ing frameshifts, stop codons, and translates alternatives
from ITUPAC ambiguity codes. (HIV/HCV)

SynchAligns Synchronizes two alignments that overlap
so they are aligned to one another, optionally trimming
alignments to the region of overlap. (General)

PrimAlign Retrieves an alignment of a nucleotide se-
quence fragment (e.g., a primer) from our HIV complete
genome alignment to assess variability. (HIV/HCV)

Epilign Retrieves an alignment of a HIV-1 peptide, epi-
tope or functional domain from our web protein align-
ments to assess variability. (HIV/HCV)
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Sequence analysis
Sequence characterization

Sequence locator Determines the beginning and end-
ing positions numbers of sequence fragments in the
genome or proteome relative to database reference
strains. (HIV/HCV)

HIV/HCV BLAST Finds sequences most similar to your
query in the HIV database. Helpful in detecting possible
contamination issues. (HIV/HCV)

Sequence subtyping and recombination

SUDI Determines if a newly discovered set of related
sequences should be considered a new subtype, accord-
ing to standards developed by the HIV nomenclature
committee. (HIV specific)

RIP Identifies intersubtype recombination by calculating
similarity in a sliding window between your query se-
quence and a set of HIV-1 reference sequences of differ-
ent subtypes. (General)

CRF-DRAW Maps HIV-1 recombinant breakpoints onto
a graphical figure of the HXB2 genome, with parental
subtypes indicated by different colors. (HIV/HCV)

Sequence analysis

VESPA Identifies site-specific signature residues that are
rare in one group of sequences and common in another
and calculates the frequencies of different amino acids
in each position. (General)

PCOORD Summarizes the variation in the sequences in
10 dimensions using principal coordinate analysis. (Gen-
eral)

Hypermut Tracks base substitution patterns, and high-
lights G—A substitution events relative to other muta-
tions, as they dominate in sequences damaged by hyper-
mutation. (General)

N-Glycosite Highlights and tallies potential N-linked gly-
cosylation sites in a protein alignment. (General)

Entropy Quantifies variation in a given position in an
alignment using Shannon Entropy, and statistically com-
pare variation in each position in two sets of aligned
sequences. (General)

SNAP Calculates synonymous/non-synonymous substi-
tution rates for a set of codon-aligned nucleotide se-
quences, based on the method of Nei and Gojobori.
(General)

ADRA Finds mutations associated with anti-HIV drug re-
sistance in HIV-1 protease, RT, integrase, and envelope
sequences. (HIV)
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Phylogeny
Phylogenetic trees

TreeMaker Generates a neighbor joining tree which is
displayed and downloadable. PHYLIP outfile and
Newick-formatted treefiles can also be downloaded.
(General)

Search HIV sequence DB and make a tree Combines
your sequences with those obtained through a database
search, aligns the combined set, and generates a tree.
(HIV/HCV)

FindModel Analyzes your alignment to see which evolu-
tionary model best describes the input sequences. Can
be used to generate a better phylogenetic tree. (General)

Immunology

PeptGen Generates a set of overlapping peptides accord-
ing to user specifications from a protein sequence or an
alignment. (General)

ELF Identifies potential and known epitopes in immuno-
logically reactive peptides using HLA anchor motifs.
(HIV/HCV)

Motif Scan Finds HLA anchor residue motifs within pro-
tein sequences for specified HLA serotypes, genotypes
or supertypes using two major motif libraries. (General)

Hepitopes Tests for HLA alleles that are enriched in in-
dividuals that react with a set of peptides. Useful for
population studies. (General, although the output can
be combined with ELF and tailored to HIV/HCV.)

Also see, Epilign and Sequence Locator, above, two
tools originally developed for mapping epitopes and their
diversity.

Database searches

We are listing the HIV/HCV search capabilities here, al-
though they will not be described in detail in this review;
a comprehensive review of the databases and search inter-
faces will be included in the 2006 compendium.

HIV Sequence Database

Website content Google search for content and topics
anywhere on our website. Where: small search box at
upper left on most pages.

Sequence databases Search for sequences by selecting
from numerous criteria such as subtype, genomic re-
gion, sequence length, geographic origin, time from
infection, etc. From the results page, sequences can be
selected, downloaded, used to generate a phylogenetic
tree, aligned, translated, etc.

Advanced Search Build your own search criteria by se-
lecting from a more extensive list of search fields than
is available on the standard search page.
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Detailed Descriptions of Tools

Search/display by geography Maps geographic distribu-
tion of HIV-1 sequences and their subtypes and can be
used for sequence retrieval.

Drug Resistance DB Search for mutations that confer re-
sistance to HIV-1 drugs. Search fields include protein,
drug class and compound, amino acid position, citation,
etc.

HIV Molecular Inmunology Database

Website content Google search for content and topics
anywhere on our web site. Where: small search box at
upper left on most pages.

CTL epitopes Search for known CTL or CD8+ epitopes
by protein, sequence, immunogen, vaccines, HLA, au-
thor or keywords. Retrieves epitope summaries from the
literature, alignments, Medline links and epitope maps.

T-helper epitopes Search for T-helper or CD4+ epitopes,
analogous to the CTL database.

Antibodies Search for HIV antibodies by protein, se-
quence, immunogen, AB type, author, monoclonal anti-
body name or keywords.

Best-defined epitopes Search for the best-defined CD8+
T-cell epitopes by serotype, genotype or protein.

Vaccine trials Search data from published studies on SIV,
HIV and SHIV vaccine trials in nonhuman primates.
Search criteria include objective, species, publications,
vaccine immunogen, adjuvant and challenge.

I-C-3 Detailed Descriptions of Tools

Seqg-Convert—Format conversion

Purpose This interface combines four different sequence
alignment format conversion tools.

Background Many tools on the website now are fairly
good at automatically recognizing common sequence for-
mats, but in some cases they fail and manual conversion is
necessary, or a user may need to change their sequence for-
mat to make it compatible with another tool. Seq-Convert
is a combination of

1. Seq-Convert, which in turn combines code from an ex-
tension of the READSEQ program developed by Don
Gilbert [|Gilbert] and code developed by the HIV data-
base staff to produce the table, GDE and SLX output
formats. The interface can read all formats it writes
except for these three.

2. Omniread: This tools attempts to automatically rec-
ognize the format of your input file, using a different
combination of the programs Fmtseq and Readseq.

3. cf: This tool, developed by Charles Calef at the HIV
database, attempts to automatically recognize and con-
vert a total of 18 sequence formats.

HIV Molecular Immunology 2005

4. Readseq2: A web interface to the update of Readseq,

Don Gilbert’s sequence reformatting tool.
Sequence reformatting is a recurring and difficult prob-
lem. Many formats are only very loosely defined, while
others are very strictly defined but difficult to parse. Our
databases mostly use fasta and table format, but some 50
different formats are used in the sequencing world. The
Seq-Convert suite combines enough programs that almost
any sequences can be converted to something more com-
mon, but it may require some experimentation to find the
right tool for unusual formats. The tool shows the resulting
sequences, so the user can decide quickly if the conversion
has succeeded or not.

History and context Seq-Convert is a combination of
efforts of several people. Don Gilbert created the Readseq
and Readseq?2 programs. Brian Gaschen wrote the code
for Seq-Convert, the least flexible but probably the most
robust tool; Charles Calef wrote cf, which is very flexible
but not extensively tested. Carla Kuiken created Omniread
by testing the Readseq and Fmtseq input and output algo-
rithms and combining the best of those. Anita Dalwani
combined all tools in one website.

SeqPublish

Purpose Make visually attractive, publication-quality
alignments.

Background This interface takes a sequence alignment
and replaces residues identical to those in a reference se-
quence with dashes. Either the first sequence in the input
alignment will be used as the reference sequence for the
output, or you can create a consensus from the alignment to
be used as the reference sequence. This program is useful
for making publication quality figures, or for exploratory
work that involves visually assessing levels of variation in
a region. It can be used in conjunction with alignments
created using the search interface.

History and context Implemented by Patrick Rose and
Kristina Kommander; designed by Carla Kuiken.

Translate

Purpose This simple program translates nucleotide se-
quences to amino acids in frame 1 or all frames. Users
who retrieve nucleotide alignments from our database but
who are unfamiliar with multiple alignment programs can
easily obtain an amino acid alignment.

History and context Suggested by a database user. Im-
plemented on the web by Charles Calef using a translation
subroutine by Brian Gaschen.
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Gapstreeze—Gap Stripping and Squeezing

Purpose Remove columns of gaps from an alignment.
Generally useful for preparation of alignments for phyloge-
netic analysis. Offers various options like removing only
positions that contain more than a user-specified percent-
age of gaps.

Background HIVs and SIVs not only evolve by base
substitution, but they also frequently mutate through in-
sertions and deletions (indels), which tend to be imperfect
direct repeats focused in hypervariable “hot spots”. These
regions can be difficult to align, and gaps must be included
to compensate for insertions and deletions relative to other
sequences in the alignment. While indels are often forced
into the same positions in an alignment, it can be difficult
to resolve whether they have evolved by base substitution,
the baseline assumption of most phylogenetic tree pro-
grams, or by insertion and deletion. For example, a single
insertion event of 15 bases might suggest unreasonably
large evolutionary distances between two otherwise very
closely related sequences. A blunt way to resolve this
problem is to simply remove all positions from an align-
ment that have a gap inserted to maintain the alignment.
Alignment programs generally use a tilde (7), or dash (-),
to indicate a gap. Positions with missing information in
some sequences will also be deleted, so the gene regions
compared between all sequences will be the same. For
this reason, users may want to remove particularly short
sequences from an alignment before gap-stripping, as the
alignment will only be as long as the shortest sequence
included.

How to use Set the value of tolerance between 0% and
100%. A value of 0% will cause columns to be deleted if
they contain any gaps (gapstrip), while a value of 100%
will delete only columns that are entirely (100%) gaps
(gapsqueeze). An intermediate tolerance value, of say,
10% will delete columns with more than 10% gap char-
acters. You can define multiple gap characters and even
specify ordinary letters to be gaps. This latter tactic is
useful if, for example, you are interested in removing all
columns containing IUPAC ambiguity codes (e.g. R and Y)
from your nucleotide alignment, thereby preserving only
columns with ATGCU. The “Show deleted columns” fea-
ture will include the intact first sequence in the output with
marks showing columns that were deleted in the stripped
alignment that follows. The default values set for the sub-
mission page will cause only columns that are 100% dash
(-) characters to be removed.

History and context Many programs enable gap strip-
ping, but Gapstreeze offers more flexibility with regard to
specifying which columns are deleted, and retains a record
of deleted columns. The record is particularly helpful if it
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is important that the alignment is codon aligned, as HIV
sequences are often not biologically active and contain
frameshift mutations. Any contiguous deleted columns
that are not divisible by three would cause a frameshift
downstream for the entire alignment. Brian Gaschen wrote
the original script to facilitate preparing sequences for phy-
logenetic analysis, implementing features requested by
Bette Korber; Charles Calef created an improved version
and made a web interface.

Consensus Maker

Purpose Consensus Maker takes an input file of aligned
sequences and calculates a consensus sequence for those
sequences. Consensus sequences are useful as reference
sequences for alignments or for reagent design.

How to use The consensus tools website offers three
choices for creating a consensus of your alignment: simple,
advanced, and ambiguity:

Simple consensus This option calculates a quick consen-
sus of an alignment based on customary parameter
choices.

Advanced consensus This option allows complete con-
trol over consensus parameters such as the values to be
used for unanimity and majority, what characters to con-
sider when making the consensus, whether to squeeze
gaps, etc.

Ambiguity consensus A consensus sequence made up
of the [IUPAC ambiguity codes for each column in a
nucleotide alignment can also be computed.

Example ambiguity consensus:
CON AGCTRWMYSK HDBVNA

.sequencel AGCTAAACGG aagaAA

.sequence2 AGCTAAACGG cgcgGA

.sequence3 AGCTAAACGG tttcCA

.sequence4 AGCTAAACGG tttcTA

.sequence5 AGCtAAACGG tttcAA

.sequence6 AGCtAAACGG tttcGA

.sequence7 AGCtAAACGG tttcCA

.sequence8 aGCtGTCTCT tttcTA

.sequence9 aGCtGTCTCT tttcGA

.sequencel® aGCtGTCTCT tttcTA

.sequencell #$x!?xxyyz zttcCA

=

O wWWwww>> >

Input options

Format of input alignment Consensus Maker recog-
nizes most standard alignment formats.

Squeeze gaps If your alignment contains columns that are
entirely gaps, they will be removed before a consensus
is calculated. Default is squeeze gaps. You can also
specify what character is used in your alignment to
signify gaps. The default is -.
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Output options

Do consensus for each block If the input contains blocks
of sequences, such as subtypes, then calculate a consen-
sus for each block, not just a single consensus for the
alignment as a whole. Default is false.

Minimum number of sequences for a consensus If a
block contains fewer than n sequences, then don’t
calculate a consensus for that block. Default is 3.

Do consensus of consensuses If consensuses are to be
computed for each block in the alignment also calculate
a consensus of these consensuses. (This would provide
an HIV-1 M group consensus weighting all subtypes
equally). Default is false.

Consensus + alignment Results will show consensus ap-
pended to the top of the user’s alignment. Default is true.
When false, the output consists of the consensus alone.

QOutput format A “pretty print” output shows your align-
ment aligned to the consensus with 50 characters per
line and spaces every 10 characters.

Consensus calculation options

Unanimous value The fraction of characters in a column
of the alignment needed to establish unanimity (shown
as a capital letter) for that column. Default is 1.0.

Majority value The fraction of characters in a column of
the alignment needed to establish majority (shown as a
lowercase letter) for that column. Default is 0.5.

Use most common character This option determines
what symbol to enter in the consensus for a column that
has no majority character. Suppose a column contained
letters AAAGGTTC. Does the user want that column to be
represented in the consensus by a (i.e., the most com-
mon letter) or by ? (i.e., no letter forms a majority)? If
so0, then set this value to false. If multiple blocks are
present in the alignment and there is a tie between two
letters in one block, the program will try to resolve the
tie by looking at that column of the alignment in all
other blocks as well.

Characters to count when making consensus This is a
set of characters (“letters”) that the program considers
when making a consensus. The default for nucleotide
alignments is the set of valid nucleotide characters and
the gap character ACGTU-. Using these defaults, the
alignment column AAAAAXAA would have a consensus
of A because the X character is ignored—it’s not in the
set of valid characters.

Use any character when making consensus Finally, if
you want to consider all characters (including blanks, *,
X, $, etc.) when making a consensus, check this box.

Options unique to ambiguity consensus
Characters to count when making consensus The pro-
gram considers ACGTU when making a consensus.
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Character presence percentage If a column of an align-
ment contained 99 A and 1 G would you want to give this
a consensus of A or R, where R is the IUPAC code for
purine (A or G)? In other words, if a character is present
below a certain “presence percentage” threshold, should
it be ignored when making the consensus? You can set
this presence percentage threshold in the box provided.
The default is 0, which means every occurrence of an A,
C, G, T or U counts. If you had set the value to, say 2%,
then the G in the above example would be ignored and
the consensus would be A.

History and context We make alignments relative to
consensus sequences to minimize the changes in the align-
ments and make it easier to see the differences between
sequences. Consensus sequences also are central to circu-
lating strains, and can be synthesized for vaccine design
[Korber et al.l 2001} |Gaschen et al., 2002] or in reagent
design (for example, HIV consensus sequence overlapping
peptide sets for EliSpot [Korber et all 2001[]). The tie-
breaking algorithm and the concept of creating an HIV-1
M group consensus as the consensus of the subtype consen-
sus sequences was developed by Bette Korber for reagent
design. Charles Calef, with input from Carla Kuiken, devel-
oped this web-based tool to generate consensus sequences.
Ready-made consensuses are available in our alignments
section, useful in reagent design, and periodically updated.

Gene Cutter

Purpose Gene Cutter extracts pre-defined HIV-1 pro-
tein coding regions from a set of nucleotide sequences,
then codon aligns and provides translations of the cut re-
gions. It is particularly helpful for processing alignments
of full-length HIV-1/SIVCPZ or HIV-2/SIVSMM genome
sequences, or long interior regions that contain multiple
coding regions.

Background All coding regions are clipped from a nu-
cleotide alignment, and a matched codon-aligned nucleo-
tide and translated protein alignment are created. Gene
Cutter translates all codon possibilities in sequences con-
taining [UPAC/IUB multistate characters, and provides a
web-based format that allows users to move rapidly be-
tween nucleotide and protein alignments, and get details
regarding translational properties of multistate characters.
This tool is useful for sequence quality control of new se-
quences, as all stop codons and frameshifts are highlighted
so potentially lethal mutations can be rapidly identified
and cross-checked. Indels cause problems for multiple
alignment programs, and often codons are split in an auto-
mated alignment and not readily translated; Gene Cutter
will keep codons associated in the sequence. If a lethal
frame shift occurs that is not compensated for within five
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amino acids downstream, the codon is translated as a hash,
(#), and the appropriate downstream translation of the se-
quence beyond the inactivating substitution is thus enabled.
The protein translations Gene Cutter creates can also be
helpful for generating GenBank submissions.

Input The input file can include either HIV-1 and
SIVCPZ sequences or HIV-2, SIVsm and SIVmac, but
these sets should not be mixed because of different gene
boundaries. Gene Cutter is organism-specific and does not
extend to all primate lentiviruses, just the two human HIV
lineages and their most closely related SIVs. Sequences
can either be aligned, in which case Gene Cutter will mod-
ify the alignment to make it codon aligned and split out
each codon region, or unaligned, in which case Gene Cut-
ter will create a baseline alignment. The unaligned input
option takes longer to run.

Output The matched nucleotide and amino acid align-
ments can be saved to your computer for further study.
Working with the output on the web interface enables rapid
switching between DNA and protein alignments and iden-
tification of problematic frame shifts and stop codons. A
nucleotide alignment could be opened in BioEdit, and the
ability to move between nucleotide and protein alignments
would be retained. We recommend reviewing your Gene
Cutter alignment (or any automatically generated align-
ment) and hand editing as needed.

History and context Brian Gaschen first developed this
tool for internal database work, in response to increasing
acquisitions of large numbers of full-length sequences that
needed rapid processing. He built the public web interface
incorporating suggestions provided by local users Bette
Korber, Thomas Leitner, as well as outside users Jean
Carr at the Henry M. Jackson Foundation, Rockville, MD,
and James Mullins and colleagues at the University of
Washington, Seattle, WA.

SynchAligns—synchronize alignments

Purpose Align two different alignments of the same
gene region or protein to each other. The two alignments
need not cover the identical genomic span but they must
overlap. One application of this tool is combining a ref-
erence or database alignment with a novel set of study
sequences.

Background A SynchAligns option was initially added
to the BioEdit sequence editor [BioEdit] at the suggestion
of the HIV database. The HIV/HCV database version
uses align0 [Myers & Miller; |I988]] to align one sequence
from each alignment; the gaps that were inserted into each
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sequence are then applied to the rest of the alignment, and
the two alignments are concatenated.

Input options The user may specify a reference se-
quence common to both alignments to be used in synchro-
nizing. Failing that, the program will select the longest
sequences from each alignment to use as references. Gap
characters and whether to squeeze them can be specified.
The synchronized alignment can be trimmed to the region
of overlap between the two component alignments.

Output A single synchronized alignment in the same
format as the second input file or “pretty-printed” versions
of this alignment.

Example:

alignl GSEEL-RSLY-NTVATL
GSEELMRSLYMNTVATL
GSEELMRSLY -NTVATL

align2 EELRS-LYNTVATLYCVHQ
EELRSPLYNTVATLYCVHQ
EELRSPLYNTVATLYCVHQ
EELRSPLYNTVATLY -VHQ

Result after SynchAligns:

GSEEL-RS-LY-NTVATL-----
GSEELMRS-LYMNTVATL- - ---
GSEELMRS-LY-NTVATL-----
--EEL-RS-LY-NTVATLYCVHQ
--EEL-RSPLY-NTVATLYCVHQ
--EEL-RSPLY-NTVATLYCVHQ
--EEL-RSPLY-NTVATLY-VHQ

History and context This tool was developed at our
sister database, the Los Alamos HCV database, by Carla
Kuiken and Charles Calef, and is included in the HIV
database tools as well.

PrimAlign—explore DNA primer diversity

Purpose PrimAlign generates an alignment of your nu-
cleotide sequence against our complete genome alignment.

Background PrimAlign can be used to rapidly assess
variation in primers, functional domains, or any HIV nu-
cleotide sequence of interest. The HIV complete genome
alignments are meant to approximate a population sur-
vey. They are updated annually and include only a single
sequence per person, but still have sampling biases.

If obtaining an alignment of all sequences in the data-
base is desired, or just a subset (for example, all Ugandan
D subtype sequences in the database that span the frag-
ment) the Sequence Locator tool can be used to find the
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Figure I-C.1: PrimAlign sample output

QUERY
Al1.BY.97.97BL0O06
Al.KE.00.KER2008

boundary positions of the fragment in the HXB2 genome,
and these can be used to extract all sequences covering
that region directly from the search interface of the HIV
database [Gaschen ef al.|[2001]]. But beware, such database
searches often can return hundreds of sequences from one
subject if, for example, the individual was enrolled in a
longitudinal study.

Input The direct sequence or its reverse complement
(for primers) can be used as input.

Output A map that shows the position of the query rel-
ative to the HXB2 reference strain and an alignment of
the fragment to all sequences from the same region in
our curated alignment of complete genomes. Sequences
whose names are printed in red are identical to the query.
A simple fasta version of the alignment is available for
downloading. Sequences include the subtype (A1l in the
example below), followed by the country where the sample
was taken (BY), the year of the sample (97), and finally
the sequence name (7BL006).

History and context This tool was developed in parallel
with its protein analog Epilign by Satish Pillai and Bette
Korber, with support from Charles Calef. The alignment
strategy and output options were later improved by Charles
Calef and Brian Gaschen.

Epilign—explore epitope diversity

Purpose Epilign generates an alignment of your protein
sequence against our web-based protein alignments.

Background Epilign can be used to get a rapid over-
view of the variability of an epitope, peptide, or protein.
The location of the input sequence is automatically de-
termined, and it is aligned to the HIV-1 database protein
alignments, which excludes very similar sequences (e.g.,
multiple clones from one isolate, multiple sequences from
one person), and so is meant to be a population survey.

Output A map (not reproduced here—see

in Sequence locator, below) is generated that shows the
position of the query relative to the HXB?2 reference strain.
An alignment of the fragment to all sequences from the
same region in our curated protein alignments is also cre-
ated. Sequences whose names are printed in red, are iden-
tical to the query. If there are gaps in the main protein
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ATGGGTGCGA GAGCGTCAAT ATTAA

alignment, there is an option to squeeze the gaps and shift
the sequence towards the C-terminal end. This is how
potential T-cell epitopes would be seen by the immune
system. The alignment is available for downloading in
three simple formats. On the output page are two buttons
that summarize the frequency of variants of your query.
This analysis can be done for the entire alignment or for
each subtype groups in the alignment.
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Figure I-C.2: Epilign sample output, alignment results

Query SLYNTVATL
Al.KE.86.ML170 e Feeeme-
Al.KE.94.Q23 e oFeeee-
Al.SE.94.SE7253 e F----V-

Al.SE.94.SE7535
Al.SE.95.SE8538

shows the top of the alignment for the
SLYNTVATL epitope. The sequence names indicate the

subtype (A1), the two letter country code (KE for Kenya),
year of sampling (86 for 1986) and the sequence name.

Figure I-C.3: Epilign sample output, summary by subtype

Variant Count Percent

SLYNTVATL

————————— 7 53.8

--F------ 3 23.1

--F----V- 2 15.4

------- V- 1 7.7
Total sequences = 13

Number of variants = 4

Figure I-C.4: Epilign sample output, subtype histogram

Mutatlion percentages

1

L
= -
< G0 S3.E
c
'é'_ 40 30,8
a0 15.4
0
u 1 2

No. of mutations

summarizes the variation of the Al sub-
type for this epitope. Of 13 A1 subtype sequences, 53.8%
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are identical, and 23.1% differ from the query by having
only an F substitution at position 3. These data are also
presented in histogram form (Figure I-C.4). Further sum-
maries of each kind of variant in every subtype are also
provided but not shown here.

History and context This tool was developed in paral-
lel with its nucleotide analog, Epilign, by Satish Pillai
and Bette Korber, with support from Charles Calef. The
alignment strategy and output was improved by Charles
Calef and Brian Gaschen. Richard Koup (NIH) suggested
adding the graphical representation of the identities in each
subtype.

Sequence locator—HIV/SIV sequence
locator tool

Purpose Finds the genomic position of a nu-
cleotide or protein sequence in HIV-1/SIVcpz or
HIV-2/SIVsmm/SIVmac relative to the reference strains
HXB2 and SMM239.

Background Because HIV sequences vary in length, in-
consistent and inaccurate numbering of locations in HIV
DNA and protein sequences remains a problem in the lit-
erature. Positions published without reference to a strain
(for example Gag positions 242-251), are meaningless
because insertions and deletions change the length of HIV
proteins. Often the numbers are not precise and do not
match the reported sequence. This tool enables publication
of precise and accurate positions relative to our reference
strain HXB2 (GenBank accession number K03455). See
the HIV database reviews about HIV and SIV numbering
for more details [Korber et al.,[1999; (Calef et al., 2002al.

Output The query HIV epitope SLYNTVAAL produces
the output shown in[Figure I-C.3]

The “NA position relative to the HXB2 genome start”
can be used as input on our sequence search interface to
retrieve sequences of interest that span a given region. A
user can also input HXB2 positions (e.g., p17 77-85) and
retrieve the corresponding amino acids.

History and context This tool was initially designed
and implemented by Bette Korber and Satish Pillai, with
input from Joseph Sodroski at Harvard. Improved versions
of this code were designed and developed by Charles Calef
with input and the addition of the SIV locator from Brian
Foley, John Mokili, Bette Korber, and Carla Kuiken.

HIV BLAST

Purpose Performs a BLAST search [Altschul et all
1997] restricted to the HIV Sequence Database.

40

Detailed Descriptions of Tools

Background The interface can handle both nucleotide
and amino acid sequences, and calls these searches either
BLAST or TBLASTN, respectively. In addition, you can
access a smaller BLAST database that excludes sequences
whose subtype is unknown; this restricted database can
help identify the likely subtype of the query. HIV-1 spe-
cific BLAST results can be particularly useful for identify-
ing potential contamination events. If the query perfectly
matches a common lab strain, contamination may be in-
dicated. While traditional BLAST searches explore vast
databases looking for statistical support of genetic relation-
ships, virtually all HIV and SIV sequences are statistically
highly related. BLAST searches are useful simply to iden-
tify the closest sequences in the current database.

Output Aside from the standard BLAST scores and
query/match alignments, you can also download all or
a selection of the sequences your BLAST search finds. If
you choose the ‘master-slave’ output option, the down-
loaded sequences will be aligned. If you choose ‘pairwise’,
the downloaded sequences will not necessarily be aligned.
Output includes the sequence name, sampling country, and
subtype, which are not provided by an NCBI search.

History and context This derivative application of the
search tool developed at NCBI was suggested by Carla
Kuiken and Bette Korber, and implemented by Charles
Calef.

SUDI—Determining if a new subtype or
sub-subtype has been identified

Purpose Helps determine if a newly defined clade of
related sequences should most appropriately be considered
a new subtype, a new sub-subtype, or part of a previously
defined subtype.

Background SUDI was created at the request of partici-
pants in the 2000 HIV nomenclature committee [[Robert;
son et al.,2000alb]. SUDI’s purpose is to determine tree-
based genetic distances for a new cluster relative to known
subtypes, and then to compare these distances to typical
distances found among pre-existing subtypes. Because ab-
solute levels of similarity will depend on the region under
consideration, the time of sampling in an ever-diverging
epidemic, and the specific alignment, no absolute criteria
for intra- and inter-subtype distances are included.

Input SUDI can use either an alignment or the outfile of
a PHYLIP tree building program. The default tree for the
program is a PHYLIP neighbor-joining tree built using an
F84 model. If users want to base the analysis on a different
tree, then a user tree can be created with PHYLIP, and the
PHYLIP outfile can be used as the input for SUDI.
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Figure I-C.5: Sequence locator sample output

Organism: HIV

2 = 5 5566 ) & @8
g gene start locations 3 £ 8333 : i 3
1 5 1 9 1025 L 7 5]
| | [ ] L1l I ] ] |
I I LI I | I I I
5 LTR gag it tat nef
pu e FLTR
pol v eny
1 1 | | L1 | - | ]
1 ] I T 1 I 1T I 1
8 3 = 5 5 & € geag a g
3 2 gena end locations 2 8 290 3 5 Eg T
=2 [ g a5 0O g9 37 T a
Table of protein regions touched by query sequence.
AA = amino acid, NA = nucleic acid.
CDS | AA position | AA position | NA position | NA position
relative to relative to relative to relative to
protein start | query CDS startin | HXB2
in HXB2 sequence HXB2 genome
start start
Gag | 77->85 1->9 229->255 1018->1044
p17 77->85 1->9 229->255 1018->1044

Alignment of the query sequence to HXB2:
Query SLYNTVAAL

HXB2 SLYNTVATL

Alignment of the protein and nucleotide equivalents of the query region in HXB2:

HXB2 DNA TCATTATATAATACAGTAGCAACCCTC
HXB2 PRO _S__L__Y__N__T__V__A T _L_

1044

Output Based on the tree, histograms will be generated
showing the range of intra-subtype distances, inter-subtype
distances, and sub-subtype distances. The category that
a given pairwise distance is assigned to (intra-subtype,
inter-subtype, or sub-subtype distances) will depend on
how the sequence was labeled (A_, B_, ...) and how
the clusters were defined. The cluster of sequences that
the user is interested in, those sequences labeled ‘U’, will
be highlighted. The U intra-subtype distances will be
shown, and the U inter-subtype distance relative to the
subtype closest to U will be shown. This way the user
can determine if the novel cluster should be broken into
sub-subtypes, or be considered part of a previously defined
subtype.

History and context SUDI was written by Bette Kor-
ber and Bob Funkhouser. Patrick Rose assisted with the
interactive web interface.
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RIP

Purpose The Recombinant Identification Program (RIP)
is a computer program developed at the HIV Database to
identify genetic sequences that appear to be mosaics of
members of distinct phylogenetic clades. The idea is that
such mosaic sequences are likely recombinants [Siepel
et al.l [1995]].

Background RIP was designed to detect recombinants
of sequences belonging to different subtypes of HIV-1, but
it can be used for other applications, including analysis
of non-HIV sequences. The program moves a “window”
of specified length stepwise across an alignment contain-
ing a query sequence and several background representa-
tives. For each step in the window’s progression across the
genome, the query is compared to each of the background
representatives within the window, and similarity is quan-
tified as the fraction of identical base pairs. The values are
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Figure I-C.6: SUDI sample output
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retained, and the window is advanced one position. After
the window has traversed the alignment from left to right,
the program displays output revealing which background
representative the query sequence most resembles at all
possible positions. So-called “best matches” are marked if
they are significant according to a statistical test.

Input There are three options for creating the alignment
that RIP analyzes. 1. You may submit a single sequence,
the query, and have RIP align it automatically to the sub-
type consensus alignment. 2. You may submit a single
sequence, the query, and then build a custom background
of sequences by selecting from a list provided on the web-
site. 3. You may submit an alignment of your own that
you have built with your query as the first sequence in the
alignment. This option runs faster than the other two be-
cause RIP skips the alignment step. The size of the sliding
window and the statistical significance threshold can be
adjusted by the user. Gaps in the alignment can be handled
in four different ways.

Output The default output consists of graphs showing
the distances between the query sequence and the back-
ground set for each window position, and an alignment
annotated with the best match sequence and whether or
not it is statistically significant.
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History and context A sliding window approach to
identifying recombination events was first developed by
Bette Korber and Adam Siepel [Siepel et al.,[1993]. In the
fall of 1995 we used RIP to scan the HIV Database’s env
and gag master alignments for intersubtype recombinants
[Siepel et al.l[1995]. Since its original development, RIP’s
web interface has been much improved by Thomas Leitner,
Carla Kuiken, Brian Gaschen, Bette Korber, and Charles
Calef.

Draw CRF—Make a figure to graphically
represent recombinant genomes

Purpose Draws maps of HIV-1 genomes that are known
to be recombinant. The different subtypes that comprise
your genome appear as colored regions in the map.

Input The data used by the program record the points
at which each component subtype in the genome begins
and ends. If exact breakpoints are not known, there is a
mechanism for entering uncertain boundaries. The break-
point coordinates should be in standard HXB?2 coordinates.
The program can convert your data to HXB2 coordinates
automatically if you select that option. A sample of input
data looks like this:

1 2677 G
2678 3345 A
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Figure I-C.7: RIP sample output

Query: AC_recom
C 1 I
|

)
=
2
>
[
o

0,597

Match Fraction

651

n.405 ! ! L
100 256 476 G4 i
Pozition
m—— . CH.HPS35C — CONSENSLE_E 0530 0.CH.ANTZ D — CONSENSLE G410
J.5E.SEA1T35 CONSENSUE_DoE? CONSENSUS_FLHF206) s CONSENSLE _GCS?
CONSENSUS_n1_RE COMSENEUS_A1H21 15 COMSENEUS _Hign
Figure I-C.8: RIP sample output
180
AC_recom GAGTCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTAGGAATTTGGGGCTGCT
CONSENSUS_OQ1_AE --------mmmmme e oo o - A--T-------- C--mmmem-- - - -
CONSENSUS _AL4A2(15) - - - s e e e
CONSENSUS_B(33) ---------mmmmmmmm e G-------- T----
CONSENSUS_C(41) ----------- L R R G---------- -
CONSENSUS _D(8) = -A-- - oo oo o e T----
CONSENSUS_F1+F2(6) --------mmmmmm o m i oo G----mmmeeee
CONSENSUS_G(5) ------------- R L R G---mmmmeeeee
CONSENSUS_H(3) ------- R R R R R G--G-------------
J.SE.SEQ1733 - - - o m oo oo
K.CM.MP535C --A---------- Armmmm e G--------- -
0.CM.ANT70 -CC-G--A--CT-A----CC-TA---C--A----G--A------A-CC-A-------- TA
Best Match bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

Significant ©
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6900 7144 A
7145 9719 G

Figure I-C.9: Map of mosaic HIV-1 genome whose breakpoint
data is presented above.
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Output The various subtype regions of the genome ap-
pear as different colors. Gray is used to illustrate regions
of uncertain subtype. Uncertain breakpoint boundaries
are illustrated on the map by an interfingering of the two
colors that make up the two flanking regions; the break-
point is shown at the center and expresses the size of the
regions using a plus or minus notation. Regions with no
data appear uncolored in the map.

History and context This tool was developed by
Charles Calef with design suggestions from Thomas Leit-
ner.

VESPA—Viral Epidemiology using
Signature Pattern Analysis

Purpose Identifies sites which are common in one group
of sequences, and are rare in another group.

Background VESPA detects signature patterns (atypi-
cal amino acid or nucleotide residues) in a set of query
sequences relative to a set of reference sequences [[Ou
et al.,|1992; [Korber & Myers| [1992]. It can be used to de-
tect amino acids that characterize differences between two
groups of sequences. It compares two groups of sequences
and looks for a “signature” pattern, or the set of amino
acids that is conserved among each set, but differing be-
tween the sets. VESPA will pick out those distinguishing
amino acids, and calculate their frequencies in each set.
Nucleotide alignments can also be used; however, amino
acids are used as representative examples in the following
discussion.

VESPA calculates the frequency of each amino acid
(or nucleotide) at each position (column) in an alignment
for the query and reference set, and selects the positions
for which the most common character in the query set
differs from that in the background set. The frequencies
of characters at the distinguishing sites are also calculated
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[Ou et all 1992} [Korber & Myers, [1992]]. VESPA can
also be used to compare the query and background sets’
similarity in amino acid length, total charge, and amino
acid content.

The sequences should all be of the same length, so if
some sequences are shorter than others, the user should
insert stars (*) to complete the sequences, to indicate that
no information was available at those sites. Positions with
stars will be discounted from frequency calculations. In-
sertions made to maintain the alignment should be dashes
(-); positions with dashes will be counted, and included in
the signature pattern analysis.

The allowed characters for inclusion in an alignment
are valid one-letter amino acid codes, -, and *; lower case
letters are treated the same as uppercase letters. An asterisk
is treated as ‘missing’, as will any other character; these
will not be counted in the signature pattern tally. Therefore,
if you have a stop codon and you label it as a dollar sign,
it will be treated as if you have no information at that site.

The tool can also calculate various statistics, such as
the amino acid frequencies in each group, the number of
conserved signature amino acids in each sequence, and the
amino acid content, amino acid length, and total charge.

History and context VESPA was originally written by
by Bette Korber. Mark Flynn created the web interface
and implemented a number of suggestions by Bette Korber
and Carla Kuiken.

PCOORD—Principal Coordinate Analysis

Purpose PCOORD is a procedure to identify meaningful
multivariate patterns in sequence data.

Background The Principal Coordinate Analysis method
is very similar to regular Principal Component Analysis.
The method was developed by the statistician J. C. Gower
[1966[]. PCOORD attempts to summarize the variation in
the sequences in a limited number of axes or dimensions.
A “dimension” is basically a combination of positions in
a sequence that behave similarly, for example, “Position
133 usually has an A when position 250 has a G.” One
way to describe the process of finding these dimensions
is as follows. If we have a two-dimensional swarm of
datapoints, then we need two dimensions (the x and y axis)
to describe the variation in our data. However, if the swarm
is very elongated and the points almost lie on a straight line,
then we really need only one dimension, although we use
two. PCOORD uses a mathematical method to find the best
way to describe a multi-dimensional dataset in a smaller
number of dimensions, which are linear combinations of
the original dimensions.

The dimensions are not necessarily biologically mean-
ingful, but they can be. Quite frequently, some dimensions
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that are extracted correspond to an epidemiological vari-
able or some other feature of the data. The patterns that are
found using PCOORD usually can be seen in a phyloge-
netic tree as well, but they may be much less pronounced
there.

Output FEach sequence gets a score on each of the di-
mensions, and these scores can be plotted pairwise. The
coordinates can be downloaded, so that a better-looking
graph can be produced with a spreadsheet or graphing
program. The PCOORD program can identify each se-
quence with a character (number, letter, or symbol such
as * or ). To use that feature, you need a file with one
character for each sequence. In the dimension plot, the
point representing each sequence will then be identified by
the corresponding character.

History and context The PCOORD program suite was
developed by Des Higgins [[1992]] (then at the EMBL),
and adapted for the UNIX platform by Jack Leunissen of
the CAOS/CAMM institute in Nijmegen, The Netherlands.
The web interface was created by Kersti Rock based on
specifications by Carla Kuiken [Kuiken ez al.,|1993; Potts
et al.l 1993} [Kuiken ef al.l,[1994].

Hypermut

Purpose Hypermut highlights hypermutational changes
among other base mutations [Rose & Korber, 2000]. It
takes a nucleotide alignment and documents the nature and
context of nucleotide substitutions in a sequence popula-
tion relative to a reference sequence.

Background A retroviral provirus is considered hyper-
mutated if it undergoes an inordinate number of identical
transitions, usually guanine to adenine (G+—A). Hypermu-
tation most often results in the production of replication-
incompetent virus. Several papers were published in 2003
describing a host cellular defense mechanism that induces
hypermutation in reverse transcribed nascent retroviral
DNA. The Vif protein of HIV seems to be able to counter
this activity [Mangeat et all 2003; [Zhang et al., [2003}
Lecossier et al.,[2003]].

Identifying hypermutated sequences in a viral popula-
tion can be critical when reconstructing viral phylogenies
(to assess the effects of drug therapy, immune surveillance,
etc.). The apparent rate of viral evolution can be dramat-
ically exaggerated by hypermutated sequences, when in
actuality these viruses are evolutionary dead ends; their
profound divergence is an artifact of a single aberrant
round of replication.

Input The first sequence in the input alignment will be
used as the reference sequence for the entire analysis, so
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this sequence should be chosen carefully. For example, for
an intrapatient set, the reference should probably represent
the most common form in the first sampled time point. For
a set of unrelated sequences, the consensus sequence for
the appropriate subtype would be used. Also, you may
choose to display a general or region-specific overview of
your sequences.

Output Hypermut output consists of

* adata sheet summarizing the hypermutations,

* a graphical overview of all the sequences and their nu-
cleotide changes,

* a graphical overview of all mutations in a selected se-
quence, and

* atable for allowing quick analysis of mutations resulting
in stop codons.

The program allows either an overview of the complete

sequence, or a detailed view of a subregion. The hypermu-

tational changes are color coded.

History and context HYPERMUT was originally writ-
ten by Bette Korber and web development was undertaken
by Patrick Rose; improvements were made by Werner Ab-
falterer. Francine McCutchan, Jean Carr, and Feng Gao
offered suggestions for additional analysis. An application
of the method to the HIV database is described by Rose &
Korber| [2000].

N-Glycosite

Purpose This tool highlights and tallies potential N-
linked glycosylation sites in an aligned set of protein se-
quences.

Background The N-linked glycosylation site pattern N-
X[ST] (where N is asparagine, X can be any amino acid,
and [ST] is serine or threonine) is called a sequon. N-
Glycosite can be used for any protein alignment, but is
particularly helpful for the HIV envelope as it is heavily
glycosylated. Sequons vary in position and number, and
glycosylation can be critical for protein function and for
immune evasion [Zhang et al.l 2004]. The extent of actual
glycosylation of a sequon depends on the context, which
could be expanded to a four amino acid Nx[ST]y pattern
where the amino acids in the X or y positions influence the
glycosylation efficiency. In particular, proline in position X
or y does not favor N-linked glycosylation. Thus we also
provide Nx[ST] or Nx[ST]y summaries.

Input If you just want to tally the number of N-
glycosylation sites, this can be done with unaligned se-
quences, but to track movement or changes in particular
sequons, aligned sequences are necessary.
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Output The initial output page contains links to all other
output files. These include an alignment with the N-linked
sites highlighted (Figure I-C.10), tallies of the number
of sequons in every sequence in an alignment, figures
showing the fraction of each position in an alignment that
contains an asparagine (N) that is part of a sequon
[C.10), and tallies of the number of sequons in a window
of user specified length moving through the protein align-
ment.

History and context Bette Korber developed a simple
version of this code for analysis of acute infection se-
quences [Derdeyn ef al.,[2004]. Ming Zhang then made a
web interface and added many useful features suggested
by Brian Gaschen and Bette Korber.

Entropy

Purpose Assigns a quantitative measure of diversity to
every position in an alignment, and compares one align-
ment to another to see if there is statistically supported
evidence for positions with increased diversity in one set
relative to another.

Background This code provides one strategy for quan-
tifying sequence diversity, using the information theory
concept of Shannon entropy [Shannon, 1948]]. This code
was originally used to compare blood derived HIV enve-
lope sequences from two data sets, and we found evidence
for sites that were more variable in the blood than brain
[Korber et al., [1994]]. A second application compared
the variability of sequence positions to immunologically
important regions. Here the Shannon entropy of each posi-
tion was calculated, and compared to some other biological
property that has been characterized for that position. For
example, the number of distinct cytotoxic T-lymphocyte
(CTL) epitopes that span a position inversely correlates
with the variability of that position [ Yusim et al.,[2002]]. In
this application, the entropy scores were compared with an-
other score of biological interest, in our case CTL epitope
density.

Output Entropy comes in two flavors, called Entropy-
one and Entropy-two. To calculate the entropy for posi-
tions in a single alignment, use the Entropy-one interface.
If you want to compare the entropy in two different se-
quence sets (they will need to be aligned to each other),
use the Entropy-two interface.

Entropy-one also estimates the average entropy of all
positions in a given window size, advancing the window
by a user-specified length.

Entropy-two compares the entropy in to different se-
quence sets. To assess statistical significance, a user-
specified number of Monte Carlo randomizations of two
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sequence sets can be performed, and a comparison of the
difference in entropy between the real data and the ran-
domized data sets can be used to determine whether a
difference in entropy was likely to have been observed by
chance alone or is significant.

History and context This code was originally written by
Bette Korber [[1994] with the Monte Carlo randomization
implemented by James Theiler. Ming Zhang adapted it to
the web and added features suggested by Brian Gaschen,
Carla Kuiken, and Bette Korber.

SNAP

Purpose Calculates synonymous  versus  non-
synonymous base substitutions for all pairwise com-
parisons of sequences in a codon-aligned nucleotide
alignment.

Background SNAP is based on the method of Ne1 &
Gojobori| [[1986]]. You should be familiar with this paper
before using this program.

Output The number of synonymous and non-
synonymous codon changes are counted, as well as the
number of potential synonymous and non-synonymous
changes when comparing two sequences. Ambiguous
codons or codons with insertions are excluded from the
tally of compared codons. The output provides overall
sequence distances as well as a codon by codon summary.
One must be wary when doing typical statistical analysis
of these values. Distributions of values that are far from
Gaussian are commonly found, so you should either check
to see if you have a Gaussian distribution, or default to the
use of non-parametric statistics, like a Wilcoxon rank sum
test. Therefore the averages given at the bottom are only
meant as a crude guide. Also, if one uses the full column
of values for all pairwise comparisons (say all values of dn
for one set, compared to all values for another set) there is
a non-independence of points issue to be considered. An
alternative is the use of a sequence like a consensus or a
best estimate of an ancestral sequence as the first sequence
in the alignment, and then just use the comparison of
the first sequence to all others rather than all pairwise
comparisons.

History and context SNAP was written by Bette Kor-
ber [2001], and adapted for the web by Satish Pillai. It
was one of the earliest attempts to analyze synonymous
versus nonsynonymous mutation rates in a way that was
not averaged over entire genes; more sophisticated tree-
based methods were later developed, although this method
is simple in concept and also tracks insertions and dele-
tions, and so still merits consideration. An application of
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Figure I-C.10: Section of output from an HIV hypervariable region with N’s that might be glycosylated highlighted in red.

110 120 130 140 150
D.UG.94.94UG1141  LNCTN--WVT DTT------- BV G-MANCSFNI
01_AE.CF.90.90CF11 LHCTK--AKL NDT------- YNGTAKLND- ------- TIG DEVRNCSFNV
02_AG.CM.97.97CM8 LDCHD--YNS TSH-NYSSIS NNMTEEM--- ------- EMK GEIKNCSFNM 2
CPZ.CM. - .CAM3 MECRK- -VTF NSTSN-- - - - RNKTSTMTTN SPNEKX---D STVKNCTFNM 2
(]
2l

Figure I-C.11: The fraction of each position that is an N embedded in a potential N-linked glycosylation site in an alignment of 8
sequences.

14 Input $equences
4 N=8

0.8

0.6

0.4+

0.2

Fraction that is a N-linked glycosylation site

|
0 100 200 300 400 500 600
Sequence Position In the Alignment

Figure I-C.12: The beginning of the output file that calculates the average entropy for each window of 15 with an overlap of 11.
The Entropy tool can be used in conjunction with PeptGen tool to assign an average entropy score to each peptide as investigators
are designing a panel of reagents. The top sequence is the consensus from the input.

10 20 30 40
| I I I
LAEEEVVIRSENFTDNAKTIIVQLNESVEINCTRPNNNTRKSIHI
LAEEEVVIRSENFTD[Average entropy = 0.1778]
NFTDNAKTIIVQLNE[Average entropy = 0.2795]
QLNESVEINCTRPNN[Average entropy = 0.3498]
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Figure I-C.13: The difference in entropy between the two input files. The background file is more variable in positions that drop

below the line, the query file in those that rise above the line.
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the SNAP package is described in|Ganeshan et al.|[[1997].
Statistical analysis was added at the suggestion of Yumi
Yamaguchi-Kabata, following the method described in|Ota
& Neil [[1994].

ADRA

Purpose Finds mutations associated with anti-HIV drug
resistance in HIV-1 protease, RT, integrase, and envelope
sequences. Accepts both nucleotide or amino acid se-
quence input.

QOutput Produces a table of resistance-associated mu-

tations (Figure I-C.14)) and an alignment with mutations
indicated (Figure I-C.15). Tabulates drugs to which this

sequence may show resistance and links to additional in-
formation on these mutations in the HIV Drug Resistance
Database [[Clark et al.,[2001]).

History and context This tool was designed and written
by Patrick Rose and Charles Calef as a way to explore the
HIV Drug Resistance Database (http://resdb.lanl,
gov/Resist_DB/default.htm/ maintained within our
Los Alamos database by John Mellors.
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TreeMaker

Purpose To produce “quick and dirty” trees. Our aim is
not to make them dirty, but to make them quickly. These
trees are generally not publication quality, but are meant
to be used in an exploratory framework.

Background TreeMaker generates a neighbor-joining
tree based on a sequence alignment. The tree is very ba-
sic and quite possibly not optimal for any dataset. The
database tool FindModel, described below, can be used to
determine the optimal model. We also provide a tutorial
that gives some background information about phyloge-
netic tree construction, and provides further links.

Output The tree is displayed as a PNG file, and can
also be downloaded as a PostScript or PDF file. Currently,
the PHYLIP outfile and the Newick-formatted treefile can
also be downloaded. By default, this interface uses the
F84 distance model (also called “ML” because it is used
in PHYLIP’s maximum likelihood phylogeny program
DNAML). This model incorporates different rates of tran-
sition and transversion, and also allows for different fre-
quencies of the four nucleotides. Several other distance
models are available. TreeMaker will be updated to use
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Figure I-C.14: Table of mutations found in user’s input that are known to confer resistance to HIV-1 antiretroviral drugs. The
column on the right links to the full database record of this mutation.

o Table of mutations potentially conferring resistance (relative to HXB2r)

aa codon fold

Protein . cross resist compound record
change | change resist
MK-639
Protease L 10l CTC/ATC ND ND (L-735,524, view
indinavir)
Protease | L 10l | CTC/ATC | ND ND Ro31-8959 | .o
(saquinavir)
Protease | K20R | AAG/AAA | ND ND ABT-538 view
(ritonavir)
MK-639
Protease K 20R AAG/AAA ND Ro-31-8959 (8); (L-735,524, view
indinavir)
Protease | M 36l | ATG/ATA | ND ND ABT-538 view
(ritonavir)

Figure I-C.15: Alignment of user’s nucleotide sequence, translated to protein and aligned to equivalent protein regions of HXB2.

Mutations are indicated.
ALIGNMENT

P delineates the Protease gene region

QUERY NUC CCTCAAATCACTCTT TGGCAACGACCCATC GTCACAATAAAAATA GGGGGGCAAGTAAGG GAAGCTCTATTAGAT
QUERY PRO oo I e | T : V R e
HXB2r PRO P Q VTL WQRWPL VTTIIKTI G G Q L K E A L L D 25

MUTANTS * * * ok

-p--p--p--P--P- -P--P--P--P--P- -P--P--P--P--P- -P--P--P--P--P- -P--P--P--P--P-

QUERY NUC ACAGGAGCAGATGAT ACAGTATTAGAAGAT ATAAATTTACCAGGA AGATGGACACCAAAA ATGATAGGGGGAATT
QUERY PRO A o D I N : o T o T
HXB2r PRO T G A D D T V L E E M S L P G R W KUPK M I GG I 50

MUTANTS * * ok *

-P--P--P--P--P- -P--P--P--P--P- -P--P--P--P--P- -P--P--P--P--P- -P--P--P--P--P-

the PAUP* based trees, similar to our tree building part of
the search interface.

History and context This tool was originally developed
by Carla Kuiken and Charles Calef. A completely new
version of tree making is now part of our search interface
(to be described in the 2006 compendium). This version
is based on PAUP* and was made by Thomas Leitner,
Charles Calef and Werner Abfalterer. We are grateful to
Jim Wilgenbush who has given us permission to use PAUP*
[Swotford, [2002] to infer our trees.

FindModel

Purpose FindModel analyzes your alignment to see
which evolutionary model best describes the input se-
quences. This model can then be used to generate a better
phylogenetic tree.

HIV Molecular Immunology 2005

Background FindModel uses the program Weighbor
[Bruno et al.l |2000] to generate the guide tree, based on
Jukes-Cantor distances. Weighbor is used because it is
much faster than maximum likelihood, but less biased and
more robust than neighbor joining. Ziheng Yang’s PAML
[Yang) [1997] is used to calculate the likelihood. The AIC
score, a version of the likelihood score that is weighted to
compensate for the differences in degrees of freedom (or
the number of parameters included) for each model, is cal-
culated using the method described in [Posada & Crandall
[1998]]. The standard log likelihood score is also reported,
but the decision of the best fitting model is made based on
the AIC. It is intuitively clear that a model that is more
‘customizable’ to the data, i.e., has more parameters, will
usually produce a better fit. This would always result in
the most complicated model being selected, even when
simpler models would do almost as well. The AIC score
compensates for this effect by weighting the likelihood
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Table I-C.1: Partial view of the list of models and their AIC and likelihood scores.
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Model name AIC LnL
JC : Jukes-Cantor (model 1) 3563.252246 -1781.626123
JC+G : Jukes-Cantor plus Gamma (model 3) 3504.693372 -1751.346686
F81 : Felsenstein 1981 (model 5) 3564.440496 -1779.220248
F81+G : Felsenstein 1981 plus Gamma (model 7) 3502.851558 -1747.425779
K80 : Kimura 2-parameter (model 9) 3499.844658 -1748.922329
K80+G : Kimura 2-parameter plus Gamma (model 11) 3423.016278 -1709.508139
HKY : Hasegawa-Kishino-Yano (model 13) 3499.375768 -1745.687884
HKY+G : Hasegawa-Kishino-Yano plus Gamma (model 15) 3412.457576 -1701.228788
TrN : Tamura-Nei (model 21) 3494.642212 -1742.321106
TrN+G : Tamura-Nei plus Gamma (model 23) 3413.187698 -1700.593849
GTR : General Time Reversible (model 53) 3487.768892 -1735.884446
GTR+G : General Time Reversible plus Gamma (model 55) 3411.658894 -1696.829447

score by the number of parameters for each model. Find-
Model, unlike Modeltest, does not allow invariant sites,
because this feature is not implemented in PAML. This
was a principled choice by PAML’s author, because es-
timates of the fraction of invariant sites tend to be very
sensitive to the number of taxa.

Finding the best evolutionary model is a computationally
intensive procedure, both in its original implementation
as the Modeltest PAUP* script and in our FindModel im-
plementation. To reduce the computational burden on our
servers, we have limited the default runs to a reduced set
of models, and excluded those that do not have an obvious
biological interpretation. The full set of models can be run,
but has to be explicitly specified by checking the checkbox
below the input section.

Output The output of FindModel consists of a list of
models the program has tested, and their AIC and likeli-
hood scores. The model with the smallest AIC score is
shown as ‘AlC-selected model’. This model is usually the
best, and limited simulations have shown that FindModel
shows very little tendency to over-fitting [Tao, in prepa-
ration]. In addition to the selected model, the FindModel
output also shows a matrix that indicates
which parameters are being estimated from the data in each
model. By clicking on the model name, the matrix shows
every parameter that is estimated separately in a different
color. In the Jukes-Cantor model shows
that all transitions and transversions have the same color
(orange) and therefore are represented by one parameter.
The nucleotide frequencies are all shown as fy, so they are
also all estimated to be the same.

History and context FindModel was developed as a
web implementation of the Modeltest script written by
David Posada and Keith Crandall [Posada & Crandall,
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1998]], modified by Bill Bruno with input from Carla
Kuiken.

PeptGen

Purpose PeptGen enables design of overlapping pep-
tide sets from single proteins or alignments, with output
that allows either visualizing the peptides and differences
between them, or produces a list for ordering the peptides.

Background The algorithm to generate the peptides is
complex and can be modified by the user in many differ-
ent ways. For example, “forbidden” amino acids can be
excluded from the ends of the peptide because of their
inimical effect on binding to the HLA molecule. Peptides
beginning with Q (glutamine) are thought to be unreliable,
so Q has been made the default for N-term forbidden amino
acids. The offset between one peptide and the next, i.e., the
“width” of each stairstep, is determined by the “Overlap
peptide by” parameter.

Output [Figure I-C.17|shows the output for a protein frag-
ment, where 15-mers overlapping by 11 were requested,
but the amino acids G, P, E, D, Q, N, T, S and C were all
disallowed at the C-terminal position.

When aligned sequences are provided as input, PeptGen
creates an output that highlights the difference. This would
be convenient for a situation where one wanted to design
peptides to compare different subtypes, for example. To
create the following peptides sets, no C-terminal amino
acids were disallowed (so all peptides are length 15 except
the last one, and two aligned sequences were given as
input.

To generate a list of peptides ready to order, the set
of peptides in can be written out as a list
with a unique ID assigned to each peptide, the peptide
number, the sequence number, and a list of sequences
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Figure I-C.16: Matrix showing free parameter estimation in the GTR (left) and Jukes-Cantor (right) evolutionary models.

General Time Reversible + y

T|C|A|G
T|fr| a | b c
Cla|fc| d e
A Ja | S
G| c e | f | fe

Jukes-Cantor

T|  C|A |G
T | fv| a b c
C|la | fyv| d e
A d | fn| f
G| ¢ e f | v

Figure I-C.17: Peptgen output for a single sequence. Disallowed C-terminal peptides are bold and underlined; not all peptides are
15 long to accommodate this. Their length is indicated in parentheses after the peptide.

MENRWQVMIVWQVDRMRIRTWKSLVKHHMYVSGKARGWFYRHHYESPHPRISSEVHIPL

MENRWQVMIVWQVDR (15) [-0.49]
WQVMIVWQVDRMRIR (15) [-0.03]
IVWQVDRMRIRTWK (14) [-0.54]
WQVDRMRIRTWKSLV (15) [-0.61]
RMRIRTWKSLVKHHM (15) [-0.92]

RTWKSLVKHHMYV (13) [-0.64]

that would contain the identical peptides from within the
input alignment. One can request all peptides be listed,
including duplicates between the two protein sequences,
or that identical peptides be excluded so they don’t need
to be made twice.

History and context This site was designed by Charles
Calef and Bette Korber [Calef ef al.|[2001] in response to
multiple requests by immunologists for help in generating
peptides for epitope mapping. The request to facilitate pep-
tide generation from alignments came from Richard Koup
(NIH). Philip Goulder (Oxford) requested the ability to ex-
clude certain amino acids from C-term positions, and Otto
Yang at (UCLA) to forbid N-terminal amino acids. An-
drew Bradbury (LANL) suggested calculating hydropathy
for the resulting peptides, for antibody studies.

ELF—Epitope Location Finder

Purpose ELF scans a submitted protein sequence for
known epitopes in our immunology database whose HLA
agrees with the submitted HLAs.

Background ELF was written to identify potential epi-
topes within larger immunologically reactive target pep-
tides [[Calef et al.,|2002b]. Based on a peptide and a selec-
tion of HLA alleles, any known epitopes in that peptide
are retrieved from in the immunology database, with links
to the database entries and references. Those epitopes
whose HLA presenting molecule agrees with the submitted
HLAs are flagged. Anchor residues of potential epitopes
that agree with the binding motifs of the submitted HLAs
are indicated. Maps can be prepared that highlight every
known epitope of the submitted HLA alleles across the
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HIV proteome. ELF can be used in conjunction with the
Hepitope tool, which looks for enriched HLAs among peo-
ple who make a reaction to the peptide in a population
survey.

Output The output from ELF is very rich, so we have
tried to make the page as uncluttered as possible. The first
graphic on the output page is a map marking the location
of the input peptide in the genome (see in
the sequence locator tool). Various links go to pages that
contain:

* alist of the HLAs associated with your submitted HLA.
As anchor motif information is spotty and this tool is
exploratory, all related serotypes and genotypes will be
incorporated in the search. For example, if the user were
to enter either A2 or A*0202, all A2-related serotypes
and genotypes with known anchor motifs would be ex-
amined.

a list of all anchor motifs used in the search [Marshi
et al.l 2000; Rammensee et al., 1997, /1999]. Anchor
motifs embedded in epitopes 8—11 amino acids long are
considered, but larger epitopes would be missed.
potential “epitopes” ordered by HLAs. This link takes
you to a listing of possible epitopes in your peptide
based on the presence of appropriately spaced anchor
motifs.

A list of known CTL epitopes in the peptide (regardless
of HLA type) can be useful for searching for unantici-
pated cross-presentation. The epitopes are linked to the
corresponding records in the immunology database; these
records provide information regarding escape mutations,
clade specific reactions, immunodominance, etc., among
epitope variants. Substitutions in the epitope relative to
the query peptide are highlighted with red, and epitopes
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presented by the requested HLAs are marked with a green
arrow.

History and context This tool was first developed by
Charles Calef, Rama Thakalapally, James Szinger, and
Bette Korber [Calef ef all 2002b] to attempt to define
epitopes within reactive peptides to support experimental
epitope mapping conducted at the University of Alabama
by Richard Kaslow and Paul Goepfert [Bansal ez al.,2003].
Charles Calef has implemented improvements over time,
incorporating new suggestions made by Carla Kuiken, Ka-
rina Yusim and Bette Korber, and Christian Brander at
Harvard/MGH.

Motif Scan

Purpose Motif Scan is an HLA binding motif scanner
that finds HLA anchor residue motifs within protein se-
quences for specified HLA serotypes, genotypes, or super-

types.

Background Two major motif libraries were used
[Marsh et al., [2000; Rammensee et al., [1999] and the
literature was surveyed for additional anchor motifs. The
supermotifs incorporate anchor residues that are recog-
nized by multiple alleles within the supertype [Sette & Sid{
neyl|1999]. We store only anchor motifs in our libraries; to
incorporate auxiliary amino acids you must input your own
custom motif. The motif dictionaries we use are listed on
the web, as is an abbreviated list of associations between
HLA genotypes and serotypes.

Input The input for Motif Scan is obtained in two steps.
The first step determines what anchor motifs are of interest.
If you are interested in a functional motif or auxiliary and
anchor motifs, you can input that instead, using the syntax
X[LM]xxx [K]xx[V] where x allows any amino acid and
determines the spacing, and locations where more than
one amino acid is allowed are indicated by brackets: L
or M in the second position, K in the sixth. The second
step selects the sequences to be scanned. Predefined HIV
protein sequences can be used, or you can upload your
own sequences. Sequences are stripped of gaps before
processing.

Output All motifs with identical search patterns are
grouped together. C-terminal anchor amino acids are
shown in magenta and anchor amino acids in the other
positions are shown in cyan. If a given amino acid is
matched by more than one motif, then it is highlighted as a
C-terminal anchor amino acid. All anchor amino acids are
shown in uppercase and non-anchors are lowercase. Fol-
lowing the sequences is a list of potential epitopes show-
ing their positions in the input sequences. You can also
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view and download the resulting sequences in fasta format
where the anchor amino acids are presented in uppercase
and all the remaining ones in lowercase. The potential epi-
topes can be also downloaded in CSV (comma-separated
value) format, which can be read into a spreadsheet.

History and context This tool was first developed by
Warren Kibbe, Rama Thakallapally and Bette Korber
[Thakallapally et al., 2001]]. Since the initial publication,
the tool and the motif libraries were much improved by
Karina Yusim and James Szinger [ Yusim et al., [2004].

Hepitope

Purpose Hepitope tests for HLA alleles that are enriched
in individuals that react with a set of peptides.

Background This tool can be used in the context of a
population study where HLAs and Elispot reactivity are
available for a set of patients. To find HLA types that
may be more frequent with certain reactivity patterns, a
Fisher’s exact test is used to look for enriched HLAs with
a two-by-two contingency table tally for each subject tally-
ing whether each HLA is present or absent, and whether
they reacted to the peptide or not. This can be used in
conjunction with our ELF program, which will scan a pep-
tide for known epitopes in the database and for anchor
motifs for HLAs that are found to be enriched, thus help-
ing to identify epitopes within a larger peptide fragment
(Hopeful Epitopes, or Hepitopes). This tool is not HIV or
HCYV specific, except when it is used in conjunction with
ELF. The output is organized by peptide, and these can
be returned either in the order entered or in alphabetical
order. You can have all of the data returned, including
summaries of every person’s HLA that did not react with
the peptide in question, but the default is to display only
positive reactions.

Input  This tool requires two inputs. The first input
is a text format table of patients and their HLAs
(note that many patients are needed to get statistical sig-
nificance). The allele can be written as a serotype (A2) or
a genotype (A*0201), but if both are used then they will
be treated separately in the analysis. If an HLA type is
unknown, it should be written as a single character. For
example, if the C alleles had not yet been determined in
Patient 1, then the HLA could be written as:

Patientl Ax0201 Ax0201 B*5703 Bx1701 C C

The second input is a list of reactive peptides, and the
patients that reacted:

Gagl MGARASVLSGGELDRWEK Patientl
Gag2 SGGELDRWEKIRLRPGGK Patient2 Patient3
Gag3 EKIRLRPGGKKKYKLKHI Patient4
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Figure I-C.18: Known epitopes that are found within PQITLWQRPLVTIKIGGQ, the query peptide. Clicking on the aligned peptides
links you to all of the database entries for the combination of peptide and the HLA presenting molecule. Clicking on the align button
takes you to an alignment of this epitope extracted from the main database alignment. The green arrow denotes an epitope from the

defined HLA set.

PQITLWQRPLVTIKIGGQ
ITLWQRPLYV Ax6802,A*7401,A19 EIFTH
ITLWQRPLV A+6802 EIIT
ITLWQRPLV A+7401 EIFT)
ITLWQRPLV A28 EIf
ITLWQRPLYV A28supertype EIFH
ITLWQRPLYV A74 B
ITLWQRPLY A2 EIFTY
TLWQRPLVTIR A*3303 EIFT)

Figure I-C.19: Highlighting anchor motifs in the epitope. Identi-
fication of potential epitopes within the reactive peptide based on
the anchor residues described for any HLAs related to the HLA
of interest. C terminal anchors are marked in magenta, second
position anchors in blue. No B44-related motifs were found.

PQITLWQRPLVTIKIGGQ

POITLWQRPE (Ax0205 .[VLIMQ]....... L)

PQITLWQRPE (Ax0214 .[VQL]....... [LV])

QETLWQRP[ (A%0205 .[VLIMQ]...... [L])
TEWQRPL] (A%0201 .[LM]..... [VL])
TEWQRPLY] (A%0202 .[L]..... [LV])
TEWQRPL] (A%0214 .[VQL]..... [LV])

QOutput Four columns of data that form the 2 by 2 contin-

gency table used to compute the p-value. The output is ar-

ranged by peptide, and if the ELF integration is requested,

anchor motifs and known epitopes are also summarized

for each epitope.

a The number of individuals that carry the HLA allele and
react with the peptide.

b The number of individuals that carry the HLA allele and
do not react with the peptide.

¢ The number of individuals that do not carry the HLA
allele and react with the peptide.

d The number of individuals that do not carry the HLA
allele and do not react with the peptide.

The one-sided Fisher’s exact test p-value is calculated to

see if category a (number of individuals that both carry

the HLA allele and react with the peptide) is higher than

one would expect by chance alone. These are uncorrected

p-values, and obviously multiple tests are being done, so

these values should be evaluated with appropriate correc-

tions or else the enriched HLAs for a give peptide should

be considered as a hypothesis forming guideline for a sug-

gestion of a likely HLA presenting molecule.
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History and context This web-based tool and strategy
for enabling epitope prediction analysis was developed
by James Szinger and Bette Korber for a large epitope
mapping and HLA typing project run by Christian Brander
and Bruce Walker (Harvard University and Massachusetts
General Hospital) [Kiepiela et al.| 2004].
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Figure I-C.20: Map of epitopes within the protease protein, in which this peptide was embedded. All known epitopes are indicated,
with A2 and B44 known epitopes highlighted. More information regarding these epitopes could be obtained through the search page.

Al supertype

Al supertype

ATd

A28supertyp

A28

A2

AT401
AT6802, A*7401) K19 B4
A6802 ApB02

A2 spertype

—
PQVTLWQRPIT.VT IKIGGOL II‘(EALL DT GAD]:IJTVLE EMSL PCl-'.RWKPRMI GG'TF
10 20 30 40 a0

Figure I-C.21: Results of searching HXB2 Tat for HLA*0205 motifs that could give rise to epitopes of length 8, 9 or 10. The motifs
that were scanned are listed first, in this case with spacing to give rise to 8, 9 or 10 amino acid long potential epitopes. A*0205
anchor residues are highlighted and capitalized in the Tat sequence, and the same possible epitopes are listed with their position
number and spacing following the sequences.

>HXB2 x-[LQV]-Xx-x-x-x-x-[L] Xx-[LQV]-X-X-X-Xx-Xx-x-[L] x-[LQV]-x-X-X-X-X-X-X-[L] Ax0205
mepvdprlep wkhpgsqpkt actncyckkc cfhc@Ucfit kalgisygrk 50
krrqrrrahg ns@thgas[ls kqptsqprgd ptgpkekkkv eretetdpfd 100

Protein Position Sequence  Anchors
HXB2 62-69 SQTHQASL Q... L
HXB2 35-43 QVCFITKAL .V...... L
HXB2 34-43 CQVCFITKAL .Q....... L

Figure I-C.22: Hepitope patient HLA sample input.

Patientl Ax0201 Ax0201 Bx5703 Bx1701 Cwx0701 Cwx0705
Patient2 Ax0201 Ax0701 Bx1202 Bx0801 Cwx0701 Cwx0401
Patient3 Ax1101 Ax2403 Bx0801 Bx5801 Cwx0701 Cwx1501
Patient4 Ax3002 Ax3002 Bx5802 Bx5802 Cwx0602 Cwx0602

Figure I-C.23: Example of Hepitope output using a representative peptide. All HLAs found in reactive patients that recognize the
peptide are listed. The full HLA type of the patients that react with the peptide is also listed. If the integration with ELF is selected,
under each peptide will be a summary of known epitopes, links to references, and potential anchor motifs for the HLAs of interest

within the epitope.

Peptide | Sequence HLAType |(a| b |c|d | P
B*1701 1]10]|0]| 3] 0.25000000
B*5703 1]10]|0]| 3] 0.25000000
Cw*0705 | 1|0 | 0| 3| 0.25000000
Gag1 MGARASVLSGGELDRWEK | A*0201 1]10]|1] 2] 050000000
Cw*0701 110]2]| 1] 0.75000000
Patient | HLA
Patient1 | A*0201 A*0201 B*1701 B*5703 Cw*0701 Cw*0705
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I-A
Summary

This part includes tables, maps, and associated references
of HIV-specific CTL epitopes arranged sequentially ac-
cording to the location of the proteins in the HIV-1 genome.
We attempted to make this part as comprehensive as pos-
sible, requiring that the epitope be contained within a de-
fined region of a maximum of 30 amino acids, but not
that the optimal boundaries be defined. Studies that were
based on the analysis of whole proteins are described
at the end of each protein section. The same epitope
can have multiple entries, as each entry represents a sin-
gle publication in this part of the database. For more
recent updates, epitope sequence alignments, and use-
ful search capabilities, please see our web site: http:
//www.hiv.lanl.gov/content/immunology. For a
concise listing of the best defined CTL epitopes, see the
summary by Nicole Frahm, Christian Brander and Philip
Goulder on in of this compendium. CTL
responses to proteins with no defined epitopes are listed at
the end of each protein section.

Recent studies utilize multiple functions attributed to
T cells to define responses, and the simple distinctions of
cytotoxic T-cell and helper T-cells have become blurred
as more is learned about the range of responses triggered
in CD4 and CD8 positive T-cells responding to antigenic
stimulus. When adding the most recent studies to the
database, we have tried to place T cell responses in a
reasonable manner into our traditional helper T cell and
CTL parts, and to specify the assay used to measure the
response in each study.

lI-A-1 Epitope tables

Each CTL reference has a multi-part basic entry:

HXB2 location: The viral strain HXB2 (GenBank Ac-
cession Number K03455) is used as a reference strain
throughout this publication. The position of the de-
fined epitope location relative to the sequence of the
HXB?2 protein is indicated. The numbering in this ta-
ble corresponds to the protein maps. Because of HIV-1
variation the epitope may not actually be present in
HXB2; rather, the position in HXB2 indicates the po-
sition aligned to the epitope. HXB2 was selected as
the reference strain because so many studies use HXB2,
and because crystal structures for HXB2-related pro-
teins are often available. The precise positions of an
epitope on the HXB2 reference strain can be readily
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obtained using the interactive position locator at our
web site: http://www.hiv.lanl.gov/content/
hiv-db/LOCATE/locate.html.

Author location: The amino acid positions of the epitope
boundaries and the reference sequence are listed as given
in the primary publication. Frequently, these positions
as published are imprecise, and do not truly correspond
to the numbering of the sequence, but they provide a rea-
sonable guide to the peptide’s approximate location in
the protein. Also, in many cases the reference sequence
identification was not provided, and in such cases it is
not possible to use these numbers to specify precise
locations.

Epitope: The amino acid sequence of the epitope of inter-
est as defined in the reference, based on the reference
strain used in the study defining the epitope. On occa-
sions when only the position numbers and not the actual
peptide sequence were specified in the original publi-
cation, we tried to fill in the peptide sequence based
on the position numbers and reference strain. If the
sequences were numbered inaccurately by the primary
authors, or if we made a mistake in this process, we may
have misrepresented the binding site’s amino acid se-
quence. Because of this uncertainty, epitopes that were
not explicitly written in the primary publication, that we
determined by looking up the reference strain and the
numbered location, are followed by a question mark in
the table.

Epitope name: If the epitope has a name attributed by
the publication, it is recorded here, e.g. “SL9”.

Subtype: The subtype under study, generally not speci-
fied for B subtype.

Immunogen: The antigenic stimulus of the CTL response.
Often this is an HIV-1 infection. If a vaccine was used as
the original antigenic stimulation, not a natural infection,
this is noted separately, and additional information about
the vaccine antigen is provided as available.

Species (MHC): The species responding and MHC or
HLA specificity of the epitope.

Donor MHC: The HLA genotype of the individual that
responded to the epitope.

Country: The country where the samples were obtained—
generally not specified if the study was conducted in the
United States.

Assay type: Assay used to characterize the response.
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Summary

Keywords: Keywords are a searchable field for the web
interface that is included in the T-cell sections of the
printed version to help identify entries of particular in-
terest.

Reference: The primary reference (sometimes two or
more directly related studies are included). Details for
some of the earlier references are in

Following the entry for a given CTL epitope brief com-

ments explain the context in which the epitope was studied

and what was learned about the epitope in a given study.

lI-A-2 HIV protein epitope maps

All HIV CTL epitopes mapped to within a region of 14
amino acids or less are indicated on the HIV protein epi-
tope maps. The location and HLA restriction elements
of CTL epitopes are indicated on protein sequences of
HXB2. These maps are meant to provide the relative loca-
tion of defined epitopes on a given protein, but the HXB2
sequence may not actually carry the epitope of interest,
as it may vary relative to the sequence for which the epi-
tope was defined. Epitopes with identical boundaries and
HLA fields are included in the maps only once. If one
laboratory determines HLA presenting molecules at the
serotype level (example: A2) and another at the genotype
level (example: A*0201) both will be included in the map.
MHC specificities are indicative of the host species; when
no MHC presenting molecule is defined, the host species
is noted.

lI-A-3 Alignments

To conserve space, no epitope alignments are provided in
this book, but they can be generated using the CTL epitope
search tool at http://www.hiv.lanl.gov/content/
immunology. All epitopes are aligned to the HXB2 se-
quence, with the sequence used to define the epitope in-
dicated directly above it. Sequences are sorted by their
subtype and country of origin.

The master alignment files from which the epitope align-
ments were created are available at our web site!. The
alignments were modified in some cases to optimize the
alignment relative to the defined epitope and minimize in-
sertions and deletions; epitope alignments are generated by
anchoring on the C-terminal residue. A dash indicates iden-
tity to the consensus sequence, and a period indicates an
insertion made to maintain the alignment. Stop codons are
indicated with a $, and frameshifts by a #, or ambiguous
codons (nucleotide was r, y, or n) by an X; they are in-
serted to maintain the alignments. In consensus sequences
an upper case letter indicates the amino acid was present

Ihttp://www.hiv.lanl.gov/content/hiv-db/ALIGN_
CURRENT/ALIGN- INDEX.html

60

HIV protein epitope maps

in all sequences, a lower case letter indicates the amino
acid was present in most sequences in a given position,
and a question mark indicates two or more amino acids
were represented with equal frequency.
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II-B
HIV CTL Epitope Tables

All HIV CTL epitopes are arranged by protein position.
The table entries are sorted in a nested way—first by pro-
tein, then by HXB2 start location and finally by HLA
presenting molecule. CTL reactions against proteins with
undefined epitopes are listed at the end of the protein that
stimulated the response.

I-B-1 Gag p17 CTL, CD8+, epitopes

HXB2 Location pl17 (5-13)
Author Location Gag (5-13 SUMA)
Epitope ASVLSGGEL
Epitope name Gag AL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*1103, A*2402, B*1402, B*1501, C*0802
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, acute infection, characterizing
CD8+ T cell responses
References Jones ef al.l2004

¢ Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.

* The patient SUMA maintained low viral loads and stable CD4
T-cell counts through seven years of follow up. In contrast to
more rapid progressors, WEAU and BORI, SUMA a broad
response to 24 epitopes, with little immunodominance. Two
peptides were somewhat more intensely recognized in acute
infection, but this response leveled out early on.

¢ Only four epitopes were found to acquire escape muations in
SUMA over time, and this was one of the 20 that remained
invariant. A low level response was detected at acute infection
that persisted through early infection.

HXB2 Location pl17 (11-19)
Author Location
Epitope GELDRWEKI
Epitope name Gag-GI9
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (B*4002)
Donor MHC A*0201 A*0217 B*0801 B*4002 Cw*0303
Cw*070
Keywords HAART, ART
References [Sabbaj et al.|2002b

* This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

* 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* This epitope was newly defined in this study.

» Patient 01RCH46 was Hispanic, on HAART, and had a vi-
ral load of 21000 and CD4 count of 623 — she also recog-
nized KETINEEAA p24(70-78), HLA B*4002, and TAFTIPSI,
RT(128-135), HLA A*0217.

* Among HIV+ individuals who carried HLA B40, 2/5 (40%)
recognized this epitope.
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HXB2 Location pl17 (11-19)
Author Location pl7 (11-19)
Epitope GELDRWEKI
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Keywords optimal epitope
References Frahm et al.[2004

HXB2 Location p17 (11-30)
Author Location Gag (11-30)
Epitope GELDRWEKIRLRPGGKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B62)
Donor MHC A2, A32, B27, B62
Assay type Chromium-release assay
Keywords genital and mucosal immunity
References Musey et al.[2003
* CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCRbeta VDJ region se-
quencing revealed cases of expansion of the same clone in
different compartments.
* CD8+ T cell clones directed at this epitope were derived from
blood and semen.

HXB2 Location p17 (16-30)
Author Location p17 (16-30 HXB2)
Epitope WEKIRLRPGGKKKYK
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Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords immunodominance, early treatment
References |Addo ef al.[2003

* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STL.

* 63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.

* Responses to this peptide were detected in 19% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen
Species (MHC) human (A*0301)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes that this is an A*0301 epitope.

HXB2 Location p17 (18-26)
Author Location
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords acute infection
References [Wilson et al.|2000al

Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load was also found.

All three patients were B*2705, with HLA alleles: A1, A30/31,
B*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.

ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B¥2705 epitope KRWIILGGLNK.

The subject with A*0201 had a moderately strong response to
SLYNTVATL.

Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA A1, A*0301, B7, B*2705.
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No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld ez alll2001a
* HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting that
the breadth of CTL responses are underestimated if accessory
proteins are not included in the study.
* The reactive peptide p17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and RL-
RPGGKKK A*0301.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Assay type CD8 T-cell Elispot - IFN7y, CDS8 T-cell Elispot
granzyme B
Keywords Thl, characterizing CD8+ T cell responses
References |Kleen et al.[2004
* Only 20% of CD8+ T-cells produce IFN-gamma and granzyme
B simultaneously (Tcla). Two additional subpopulations of
HIV specific CD8+ cells are found, each one constituting 30-
40% of the CD8+ cell pool. One of these (Tclb) secretes
IFN-gamma only, and the other one (Tclc) secretes GzB only.
* Two of seven patients responded to this peptide with GzB
producing cells, while none of the patients responded with
IFN-gamma producing cells.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References [Wilson ez al.[1996
* Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* KIRLRPGGR and RIRLRPGGR, naturally occurring variants,
were found in mother and are escape mutants.

HXB2 Location pl7 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen in vitro stimulation or selection
Species (MHC) human (A3)
Keywords dendritic cells
References [Zarling et al.|1999
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This study compares the ability of macrophages and dendritic
cells to stimulate primary responses in CD8+ lymphocytes
isolated from HLA-appropriate HIV-uninfected donors using
peptide-pulsed APC — the dendritic cells performed better as
APC for the stimulation of primary responses.

Strong CTL responses were elicited by the epitopes DRFYK-
TLRA and GEIYKRWII when presented by either immature or
mature dendritic cells — macrophages were not able to prime a
CTL response against DRFYKTLRA.

A weak response to KLTPLCVSL was stimulated using
macrophages as the APC.

No detectable response was observed for the follow-
ing previously-defined HIV epitopes: =~ KIRLRPGGK,
ILKEPVHGY, IRLRPGGK, GPKVKQWPL.

.

HXB2 Location p17 (18-26)
Author Location Gag (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Brodie ez al.[1999

The ability of CTL effector cells was studied by expanding
autologous HIV-1 Gag-specific CTL in vitro, and adoptive
transfer.

The transferred CTLs migrated to the lymph nodes and tran-
siently reduced circulating productively-infected CD4+ T cells,
showing that CTL move to appropriate target sites and mediate
anti-viral effects.

HXB2 Location p17 (18-26)

Author Location (18-26)

Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Brodie et al.[2000

Study tracks and quantifies in vivo migration of neo-marked

CD8+ HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed

to specific lymph node sites, colocalizing within the parafol-

licular regions of the lymph node adjacent to cells expressing

HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS and localized among HIV-1
infected cells expressing MIP-1lalpha and MIP-1beta, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.

¢ This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location pl17 (18-26)
Author Location pl7 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) transgenic mouse (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References (Wilson ef al.l|[1999a
¢ This study describes maternal CTL responses in the context of
mother-to-infant transmission.
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* Detection of CTL escape mutants in the mother was associated
with transmission, but the CTL-susceptible forms of the virus
tended to be found in infected infants.

* KIRLRPGGR and RIRLRPGGR were escape mutants.

* This epitope was recognized and many escape mutants were de-
tected in an HLA A3 transmitting mother, and was recognized
but invariant in an HLA A3 non-transmitting mother.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26 IIIB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords review, escape
References |Goulder et al.||1997e;|Goulder et al.|1997a
» HLA-identical sibling hemophiliac brothers were both infected
with the same batch of factor VIIIL.|Goulder et al.|[1997¢] is a
review of immune escape that summarizes this study.
* One had a response to this epitope, the other did not. They
were tested 6-8 years after infection.

HXB2 Location p17 (18-26)
Author Location pl7 (subtype B)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A3)
References |Kaul ez al.[2000
* 11 of 16 heavily HIV exposed but persistently seronegative
sex-workers in Nairobi had HIV-specific CD8+ gamma-IFN re-
sponses in the cervix — systemic CD8+ T-cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T-cell responses.
Low risk individuals did not have such CD8+ cells.
CD8+ T-cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location pl17 (18-26)
Author Location pl17 (SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a

* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to
this epitope were A3, and 5/7 targeted RLRPGGKKK while
2/7 targeted KIRLRPGGK.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
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HIV CTL Epitope Tables

Five peptidles RLRPGGKKHYMIKHLVW (pl7 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (18-26)
Author Location p17
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART
References [Seth et al.[2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART, acute infection
References |Altfeld et al/2001b

Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 3/7 group 1, 0/4 group 2,
and 2/2 group 3.

HXB2 Location p17 (18-26)

Author Location p17 (18-26)

Epitope KIRLRPGGK
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (A3)
Keywords HIV exposed persistently seronegative

(HEPS)
References |[Kaul ez a/.J2001a’

* KIRLRPGGK is cross-reactive for A, B, and D clades.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p17 (18-26)
Author Location p17 (JRCSF)
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Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Severino et all2000

e Primary HLA-A3+ CD4+ and HLA-mismatched lympho-
cytes from uninfected donors were infected with JRCSF after
isolation then cocultured with the A3-restricted CTL clone
11504/A7 specific for KIRLRPGGK, and viral inhibition was
MHC-restricted.
Primary monocytes and monocyte-derived DC were generated
from the same donors, replication of HIV-1 in these cell types
was less efficient than in lymphocytes and could also be inhib-
ited by MHC-restricted CTL.
DC-lymphocyte cluster cultures allowed vigorous viral replica-
tion and MHC-restricted CTL viral inhibition was blunted or
lost depending on the ratio of DC to CD4+ lymphocyte in the
culture.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute infection
References |Day et al.[2001
* The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP).
2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (18-26)

Author Location pl17
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords dendritic cells
References |Ostrowski et al.|2000

* The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.
Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9 of 10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.
Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also contrib-
utes.
The T-helper epitope used for CD4+ T-cell stimulation was the
universal tetanus helper epitope TET830-843 (QYIKANSK-
FIGITE)

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
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Epitope KIRLRPGGK
Epitope name A3-KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute infection
References |Yu et al.|2002a

CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.
One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
8/14 HLA-A3 positive individuals had detectable A3-restricted
responses during acute infection. Only 5/15 of HLA-A3 epi-
topes tested were targeted during acute infection. 7/8 indi-
viduals with acute responses had specific responses for this
epitope.
KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immuno-
dominant.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, A32, B51, B15, Cw03, Cw06, DR4,
DRS8, DQ7
Country Netherlands.
Assay type CD8 T-cell Elispot - IFNy, Flow cytometric
CTL assay
Keywords rate of progression, escape
References |Geels et al.l2003
Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 17 potential epitopes from this individual, defined
based on previously identified epitopes presented by appropri-
ate HLA molecules. Full length genome sequence did not
reveal changes in time in any of these epitopes over a four year
period. Peptide pools initially revealed very little response to
these eptiopes, but this increased over time.

HXB2 Location pl17 (18-26)
Author Location p17 (18-26 B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection

Species (MHC) human (A3)

Country United States.
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Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
CTL assay
Keywords epitope processing, immunodominance, es-
cape, acute infection, characterizing CD8+ T
cell responses, reversion, viral fitness
References |Allen et al.l[2004
* KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded mutation
rlrpggkQk. Transmission of this mutation to patients express-
ing HLA-A3 prevents acute-phase response to these epitopes,
although the mutation can eventually revert to wild-type allow-
ing a delayed response to the epitope.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Epitope name KK9
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords review, epitope processing, escape
References |Goulder & Watkins|2004
* This paper is a review of the role of CTL in HIV infection,
and it uses KK9 as an example of an epitope that escapes due
to a mutation beyond the epitope on the C-terminal side that
probably affects proteasomal processing.
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HXB2 Location p17 (18-26)
Author Location (B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, B14, B60, Cw3, Cw7
Country United States.

Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses

References |Lichterfeld ef al.|2004c

Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both [FN-gamma and
TNF-alpha exibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* One of nine individuals recognized this epitope.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Immunogen HIV-1 exposed seronegative
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Species (MHC) human (A3)
Donor MHC AO01, A03, B39, B44, Cw4, Cw6
Assay type T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)

References |Missale et al.|2004
HIV-specific T-cell response was tested in HIV-uninfected pa-
tients exposed to blood from a patient with highly replicating
HIV; these same patients were nosocomially infected with HBV.
HIV-specific T-cell responses were directed to structural and
non-structural HIV proteins in two patients suggesting that the
virus replicated in these patients sufficiently to prime a cell-
mediated immune response that protected these individuals
from HIV infection.
This patient responded to 3/11 HIV epitopes tested in an
IFNgamma EliSpot assay. Responses were detected 16 and 20
weeks after exposure, but were lost by week 80.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3, A3.1, B27)
References |Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (18-26)
Author Location pl7 (18-26)
Epitope KIRLRPGGK
Epitope name A3-KK9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords epitope processing, supervised treatment in-
terruptions (STI), escape, early treatment, su-
perinfection
References |Altfeld et al.J2002a
¢ An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response. This epitope did not vary, although
the response declined over time. The authors suggest this might
be due to a downstream Arg -> Thr substitution at C+2 that
may impair processing.

HXB2 Location p17 (18-27)
Author Location (C consensus)
Epitope KIRLRPGGKK
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References |Kiepiela et al.|2004
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* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.

This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name 1272
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References [De Groot ef al.|2003

* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.

* Estimated binding probability for KIRLRPGGKK: 36%. This
epitope has been previously reported to be presented by A3,
B27, B62, Bw62 and is an Al1 binder, but was not confirmed
as a CTL target in this study.

HXB2 Location pl17 (18-27)
Author Location p17 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana er al.|2004
* Structured treatment interruption (STI) alone is not able to con-
trol viral replication in chronically infected patients, probably
due to lack of strong T-helper cell responses. Only patients
starting with moderately high viral load (VL) were able to re-
duce the VL set point. HIV-1 specific CD8+ T-cell responses
were shown to increase significantly until the end of the follow
up.
» 8/14 patients recognized this epitope.

HXB2 Location pl17 (18-27)
Author Location pl7 (18-27 LAI)
Epitope KIRLRPGGKK
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Subtype B
Immunogen
Species (MHC) human (B27)
References Brander & Walker| 1996
* D. Lewinsohn, pers. comm.

HXB2 Location p17 (18-27)
Author Location pl17 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References [Birk et al.l[1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (18-31)
Author Location p17 (18-31)
Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (A3)
References Birk et al.|l1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (18-31)

Author Location p17 (18-31)

Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B62)
References [Lubaki et al.[1997

e 82 HIV-1-specific CTL clones from 5 long-term non-
progressors were isolated and analyzed for breadth of CTL
response.

* A sustained Gag, Env and Nef response was observed, and
clones were restricted by multiple HLA epitopes, indicating a
polyclonal response.

¢ A subject who was HLA-B62+ had CTL that recognized this
peptide, and p24 LGLNKIVRMYS, and one additional un-
known epitope.

HXB2 Location pl17 (18-42)
Author Location pl7 (18—42 IIIB)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References \Jassoy et al.|1992
 Epitope recognized by CTL clone derived from CSE.

HXB2 Location p17 (18-42)
Author Location pl7 (18—42 PV22)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References Jassoy et al.|1993
o HIV-1 specific CTLs release y-IFN, and ¢- and 3-TNF.

HXB2 Location p17 (18-42)
Author Location pl17 (1842 BH10)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
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Immunogen HIV-1 infection
Species (MHC) human (Bw62)
References |Johnson et al.[1991
* Gag CTL response was studied in three individuals.

HXB2 Location p17 (19-27)
Author Location pl17 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) scid-hu mouse (B*2705)
Keywords optimal epitope
References |[Frahm ez al.12004
* Noted by Brander to be B*2705.

HXB2 Location p17 (19-27)
Author Location pl7 (19-27 LAI)
Epitope IRLRPGGKK
Subtype B
Immunogen
Species (MHC) human (B27)
References Brander & Walker|1996

HXB2 Location p17 (19-27)
Author Location p17 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) scid-hu mouse (B27)
Keywords escape
References |McKinney et al.|1999
* Epitope-specific CTL were infused in infected human PBL-
SCID mice, and transient decreases in viral load were observed,
however virus was not eradicated and the HIV-specific CTL
rapidly disappeared.
* No escape mutants were observed.
* Control CTL were long lived in both infected and uninfected
mice, showing the rapid loss of CTL was due to target interac-
tion.

HXB2 Location p17 (19-27)
Author Location pl17 (SF2)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a

*» WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 2/3 individuals that were B27+ had a
dominant response to this epitope.

» Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
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Five peptidles RLRPGGKKHYMIKHLVW (pl7 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (19-27)
Author Location p17 (19-27)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References |Day ef al.[2001

HXB2 Location p17 (19-27)
Author Location pl17 (19-27)
Epitope IRLRPGGKK
Epitope name IK9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords immunodominance, escape
References |Goulder et al.[2001b
» This B27 epitope is generally recognized only if there is escape
in the B27 dominant epitope, p24 KRWIILGLNK.

HXB2 Location p17 (19-27)
Author Location Gag
Epitope IRLRPGGKK
Epitope name IK9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Donor MHC A26, B27
Assay type CD8 T-cell Elispot - IFNy
Keywords responses in children, rate of progression, im-
munodominance, escape
References Feeney e al.|2004
* Viral load in a perinatally infected child remained low until

emergence of an escape variant (kTwiilglnk) in the immuno-
dominant CTL epitope KRWIILGLNK when the child was 7.4
years old. The emergence of this escape mutation was followed
by an increase in viremia and an increase in the number of
targeted CTL epitopes, measured again when the child was
9.2 years old. A low level response to IK9 was the only other
epitope recognized prior to the loss of immune control and
broadening of the response, and was detected in the 7.4 year
sample.

HXB2 Location p17 (19-28)
Author Location Gag
Epitope IRLRPGGKKK
Epitope name 1271
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (Al1, A3, B62, Bw62)
Donor MHC A03, Al1, B14, B51, Cw08, Cw13
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References [De Groot et al.l[2003
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* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.

» Estimated binding probability for IRLRPGGKKK:43% Pro-
miscuous epitope binding to A03, B62, Bw62 and All.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human
Keywords immunodominance
References |Betts et al.|2000

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

* Three of the four individuals that responded to SLYNTVATL
recognized HIV epitopes, and one individual who was A*0201,
A31 and B51 and B58w4 recognized this epitope (previously
described as HLA A3.1), as well as one other.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*03)
Keywords review, escape
References |Goulder et al.[1997¢} |Goulder et al.[1997a

* HLA-identical sibling hemophiliac brothers were both infected
with the same batch of factor VIII.

» They were tested 6-8 years after infection. One had a response
to gag A3 epitope RLRPGGKKK, the other non-responder
carried the sequence RLRPGGKKC.

* |Goulder et al.|[[1997a]] is a review of immune escape that sum-
marizes this study.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References |Frahm ef al.|2004
» C. Brander notes that this is an A*0301.

HXB2 Location p17 (20-28)
Author Location pl17
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords acute infection
References [Wilson ez al.|2000a
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Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load was also found.

All three patients were B*2705, with HLA alleles: A1, A30/31,
B*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.

ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.

The subject with A*0201 had a moderately strong response to
SLYNTVATL.

Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA A1, A*0301, B7, B*2705.

No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location p17 (20-28)
Author Location p17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld et al.J2001a
* HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting that
the breadth of CTL responses are underestimated if accessory
proteins are not included in the study.
* The reactive peptide pl17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and RL-
RPGGKKK A*0301.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A3, All, B35, B51
Keywords mother-to-infant transmission
References [Sabbaj et al.|2002a
* IFNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested using
Elispot. 11/11 women responded to Gag, 8/11 responded to
Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools.
These responses were shown to be primarily due to CD8+ T-
cells in one woman, and another woman had cytolytic responses
measured by Cr-release.
 Tetramer analysis of breast milk and peripheral blood samples
of one volunteer showed responses to RLRPGGKKK in both
compartments, 0.65% of CD3+/CD8+ cells in breast milk, and
0.22% of CD3+/CD8+ cells in peripheral blood cells.

HIV Molecular Immunology 2005
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* The frequencies of responses in the two compartments differed,
and 2/4 women who responded to epitopes in Nef 101-205 and
Pol 601-710 showed responses in breast milk but no detectable
responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.ll2000c
* Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder ez al.||1997f
* A control CTL line that reacts with this peptide was included
in the study.
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HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords inter-clade comparisons
References |Cao et al.|1997a
* The consensus peptide of A, B, and D clade viruses is RLRPG-
GKKK.
* The consensus peptide of C clade viruses is RLRPGGKKH
and is equally reactive.

HXB2 Location p17 (20-28)
Author Location p17 (SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords inter-clade comparisons, immunodominance
References |Goulder ez al.|2000a
* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to
this epitope were A3, and 5/7 targeted RLRPGGKKK while
2/7 targeted KIRLRPGGK.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
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Five peptidles RLRPGGKKHYMIKHLVW (pl7 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (20-28)

Author Location p17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART, acute infection
References |Altfeld et al.[2001b

» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 5/7 group 1, 2/4 group 2,
and 2/2 group 3.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute infection
References Day et al.[2001
» The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP)
* 2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords acute infection
References |Goulder et al.l2001b
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* Responses to this dominant A3-restricted Gag epitope are
present during the time of decreasing viral load in acute in-
fection.

* Mutations in this epitope were observed in autologous clones
of subjects who were A3-positive with a higher frequency than
those who were A3-negative (P = 0.0002)

* These mutations are being sexually transmitted in adult infec-
tions.

HXB2 Location p17 (20-28)
Author Location
Epitope RLRPGGKKK
Epitope name Gag-RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA A03, 7/20 (35%)
recognized this epitope.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Epitope name A3-RK9
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A3)

Donor MHC A3, B7, Cw7

Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute infection
References |Yu ez al.[2002a!

CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.
One individual, AC-06 was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
8/14 HLA-A3 positive individuals had detectable A3-restricted
responses during acute infection. Only 5/15 of HLA-A3 epi-
topes tested were targeted during acute infection. 7/8 indi-
viduals with acute responses had specific responses for this
epitope.
KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immu-
nodominant during acute infection and throughout the study
period in the 5/6 individuals who targeted it.

HXB2 Location p17 (20-28)

Author Location Gag (LAI)

Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords class I down-regulation by Nef
References [Lewinsohn et al.|2002
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* CTL kill targets through releasing perforin, that forms pores in
the plasma membrane, and granzymes, that induce apoptosis.
Vpr is capable of arresting infected cells in the G2 phase, and it
was hypothesized that Vpr may inhibit CTL-mediated apoptosis
because it interacts with the granzyme B molecular complex.
Vpr expression in the target cell did not inhibit epitope specific
lysis — neither perforin or granzyme mediated events were
inhibited, as measured by a Chromium release assay and a
TUNEL assay.

In contrast, deletion of Nef, which is thought to protect primary
HIV infected cells by down-regulating cell-surface expression
of MHC class I complexes, increased the susceptibility of
HIV-1 infected cells to CTL mediated killing 2-fold using the
TUNEL assay.

3

.

HXB2 Location p17 (20-28)
Author Location pl7
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, All, B35, B51
Keywords mother-to-infant transmission
References Sabbaj er al.[2002a

* IFNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested with
using Elispot. 11/11 women responded to Gag, 8/11 responded
to Pol, 7/11 women to Nef, and 2/5 women to Env peptide
pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic
responses measured by Cr-release.

¢ T-cells in breast milk from a volunteer who was HLA A3, All,
B35, B51 induced IFNgamma after stimulation with a peptide
that carries known A3 epitope RLRPGGKKK.

» The frequencies of responses in the two compartments differed,
and 2/4 women that responded to epitopes in Nef 101-205 and
Pol 601-710 showed responses in breast milk but no detectable
responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A*0201, A3, B44, B57, Cw5, Cw6; Al, A3,
B7, B14, Cw*0702, Cw*0802; Al, A3, BS,
B35; Al, A3, B8, B62, Cw3, Cw7
Assay type CDS8 T-cell Elispot - IFNy
Keywords acute infection, early-expressed proteins
References [Cao et al.l2003
 All proteins were scanned and optimal epitopes were mapped in
a study of CD8+ gamma IFN T-cell responses in 21 men within
15-92 days post-HIV-1 infection. Subjects initially showed
narrow immune responses with a mean of 2.3 epitopes recog-
nized per patient. The immune response broadened later in
infection. No correlation between the plasma viral load and the
number of recognized epitopes or the frequency of IFN-gamma
secreting cells was observed, and there was no correlation be-
tween the functional avidity of responses and the abundance
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of IFN-secreting cells that recognized the epitope. The first
epitopes to be recognized did not tend to be the most avid, and
earliest responses tended to be directed against Nef, Tat, Vpr,
and Env.

This epitope was recognized in four individuals during early
infection, each time presented by A3.

All HIV-1 proteins except Vpu were recognized, and responses
to a total of 41 optimal epitopes were characterized; 24 had
been identified previously. 48% of the total T-cell responses
were directed against Nef and 43% were directed against Gag.
More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3, B35,
B57, and B62 were more frequently utilized than A1, A2, A30,
and A44.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name A3-RK9 Ga9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld et al.[2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response.
* The second infecting strain had the variant rlrpggkkT. The CTL
response declined over time, and the response to the second
variant was lower than to the first one throughout.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, A32, B51, B15, Cw03, Cw06, DR4,
DR8, DQ7
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, escape
References |Geels et al.|2003
* Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 5 epitopes from this individual that varied over
time where the internal mutations became fixed; 4/5 epitopes
(all except p17 RLRPGGKKXK, this eptiope) showed a dramatic
decrease in CTL activity against the wild type epitope as the
mutation arose. The rlrpggkkR variant was found at 47 and
120 months post-seroconversion.

HXB2 Location p17 (20-28)
Author Location Gag
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Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Netherlands.
Assay type CD8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References [Koning ef al.[2004
¢ A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
* 0/5 HLA A3+ infection-resistant men, and 0/3 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (20-28)
Author Location Gag (20-28)
Epitope RPRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)

Assay type cytokine production, proliferation, CD8 T-cell
Elispot - IFN7, Tetramer binding, Intracellular
cytokine staining, Flow cytometric CTL assay

Keywords HAART, ART, memory cells, characterizing
CD8+ T cell responses
References |Daniel et all2004

¢ CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
expression of CD27, indicating incomplete differentiation and

loss of lytic function.

HXB2 Location p17 (20-28)
Author Location p17 (20-28 B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Flow cytometric
CTL assay
Keywords immunodominance, escape, acute infection,
characterizing CD8+ T cell responses, rever-
sion, viral fitness
References |Allen et al.2004
* KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded mutation
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rlrpggkQk. Transmission of this mutation to patients express-
ing HLA-A3 prevents acute-phase response to these epitopes,
although the mutation can eventually revert to wild-type allow-
ing a delayed response to the epitope.

HXB2 Location p17 (20-28)
Author Location (B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A02, A03, B08, B62, Cw7, Cw10; AO1, A03,
B08, B14, Cw7, Cw8
Country United States.

Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses

References |Lichterfeld et al.[2004c

* Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* 2/9 individuals recognized this epitope, presented by HLA-A3.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Epitope name 1332
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A3, A3.1, B62, Bw62, B42)
Donor MHC AO03, A23, B49, B57, C?; A03, A24, B27,
B57, Cwl13, Cw18; A03, A26, BO8, B52, ?
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, immunodominance, cross-presentation
by different HLA
References |De Groot et al.|[2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
Estimated binding probability for RLRPGGKKK: 34% Pro-
miscuous epitope binding to A03, A0301, B62,Bw62, B42.
Immunodominant epitope.

HXB2 Location p17 (20-29)
Author Location p17 (20-29 LAI)
Epitope RLRPGGKKKY
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Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References [Frahm ez al.|2004
* C. Brander notes this is an A*0301 epitope.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.|2000c
» Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.

HXB2 Location p17 (20-29)
Author Location pl17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A3.1)
References Brander & Walker] 1995
* Unpublished, C. Jassoy and Beatrice Culman, pers. comm.

HXB2 Location p17 (20-29)

Author Location p17 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A3.1)
References Wilkens & Ruhl|[1999
¢ Pers. comm., B. Wilkens and D. Ruhl.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A30, A3.1)
Keywords immunodominance
References [Betts et al.[2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
¢ 1/11 of the A2+ individuals was A30, and one was A3, and
both responded to RLRPGGKKKY.
* The A2+ A3 individual also reacted with two other A3.1 epi-
topes.

HXB2 Location p17 (20-29)
Author Location p17 (20-29 IIIB)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B42)
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Keywords responses in children, mother-to-infant trans-
mission
References [Wilson et al.ll1996
* Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* RLRPGGKKRY, a naturally occurring variant, was found in
non-transmitting mother and is recognized.
* Binds HLA-A3 and Bw62 as well.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B42, Bw62)
References |Ferrari ez al.[2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (20-29)

Author Location pl17 (20-29)

Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B62)
References |Brodie et al.|2000:

* Study tracks and quantifies in vivo migration of neo-marked
CD8+ HIV-specific CTL.

* Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS and localized among
HIV-1 infected cells expressing MIP-1oc and MIP-18, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.

* This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p17 (20-29)
Author Location pl17 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B
Immunogen
Species (MHC) human (Bw62)
Keywords review
References IMcMichael & Walker|1994
* Review of HIV CTL epitopes.
* Also P. Johnson, pers. comm.

HXB2 Location p17 (20-30)
Author Location pl17 (SF2)
Epitope RLRPGGKKKYK
Immunogen HIV-1 infection
Species (MHC) human
Keywords inter-clade comparisons, immunodominance
References |Goulder ez al.J2000a!
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* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — the dominant response in a Haitian immi-
grant living in Boston who was HLA A24/29 B7/B44 Cw6/7
was to this epitope, although the restricting element was not
determined.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (20-35)
Author Location p17 (90-105 SF2)
Epitope CLRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA A-2, A-24, B-13, B-35.

HXB2 Location pl17 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References [Weekes et al.l|]1999a
¢ Peptide 703.3: Memory CTL specific for HIV-1 may contribute
to oligoclonal expansions within the CD57+ CD28- CD8+ CTL
populations.

HXB2 Location p17 (21-35)
Author Location p17 (91-105 SF2)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman ef al.[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A1, A2, B50, B57.

HXB2 Location pl17 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords TCR usage
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References |Weekes et al.l|[1999b

» Peptide 703.3: Almost all CD8+ T cells are CD28+ at birth,
and the proportion of CD28-CD8+ cells increases with age —
this study examines the contribution of CD8+CD28- cells to
CTL memory pools for CTL clones specific for two persistent
human viruses, CMV and HIV - clones were found to be
similarly distributed in the CD28 depleted cell population.
HIV CTL responses to 3 Env and 2 Gag peptides were studied.
The clonal composition of the TCR V3 responses was studied
and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-specific response —
clones to this epitope were VB 13.1 and V35.2.

HXB2 Location p17 (21-35)
Author Location pl17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen
Species (MHC) human (BS)
References INixon & McMichael|[1991
» Two CTL epitopes defined (see also p24(191-205))

HXB2 Location p17 (21-35)
Author Location pl17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (not B8)
References van Baalen et al.|1996
* Unknown HLA specificity, but not B8.

HXB2 Location p17 (21-40)

Author Location pl17 (2140 subtype A)
Epitope LRPGGKKKYRLKHLVWASRE
Subtype A

Immunogen HIV-1 infection
Species (MHC) human (Cw4)
Keywords inter-clade comparisons
References |Dorrell et al.l[1999

* CTL responses in three individuals with non-clade B infections
were studied, 2 with subtype A infections, 1 with subtype C —
their infections all originated in East Africa.

* This epitope was defined in an A subtype infection — the B clade
variant (LRPGGKKKYKLKHIVWASRE) has two mutations
relative to the A subtype form, and the CTLs from this patient
were not A-B cross-reactive.

HXB2 Location p17 (22-31)

Author Location Gag (22-31)

Epitope RPGGKKRYKL
Immunogen HIV-1 infection
Species (MHC) human (B7)
References |Jin ez al.|2000b!

» This B7 epitope is one of three subdominant CTL responses
detected in a long-term non-progressor.

* A dominant B7 epitope was defined using conventional meth-
ods, and three additional sub-dominant HLA B7 epitopes were
defined by first using a non-anchor based strategy, EpiMatrix,
to identify 2078 possible epitopes in the autologous HIV-1,
followed by B7 anchor residue prediction to narrow the set to
55 peptides for experimental testing.
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HXB2 Location p17 (24-31)
Author Location pl17 (24-31)
Epitope GGKKKYKL
Immunogen
Species (MHC) human (B8)
References |Goulder et al.[1997¢g

The crystal structure of this peptide bound to HLA-B8 was
used to predict new epitopes and the consequences of epitope
variation.

The predictions were experimentally confirmed.

The anchors for HLA-BS epitopes, as defined by peptide elu-
tion data, are P3 (K), P5 (K/R), and P8 (L).

Structural data suggests that a positive charge at PS5 is essential,
but that the constraints on P3 may be less severe.

Small hydrophobic residues at P2 may be favorable for binding.
A spacious F-pocket favors mid-sized hydrophobic residues in
the C-term anchor.

HXB2 Location pl17 (24-31)
Author Location pl17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords inter-clade comparisons
References [McAdam et al.[1998
¢ CTL from a patient infected with clade B virus did not recog-
nize Ugandan variants of this epitope.

HXB2 Location pl17 (24-31)
Author Location pl7 (24-31 LAI)
Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords TCR usage
References [Reid et all1996
The variants 7R: GGKKKYRL, 7Q: GGKKKYQL, 5R:
GGKKRYKL, and 3R: GGRKKYKL, were studied.
Crystal structures were obtained to study these peptides in
the context of HLA-BS8, and CTL binding and activity were
determined.
3R has been detected in 3 patients, and it abolishes recogni-
tion causing extensive conformational changes upon binding
including MHC main chain movement.
7Q and 7R alter the TCR exposed surface, and retain some
recognition.
Reactivity of SR depends on the T cell clone, this amino acid
is embedded in the C pocket of B8 when the peptide is bound.
Optimal peptide is 8-mer, not 9-mer, and positions 3, 5, and 8
are the anchor residues.

HXB2 Location pl17 (24-31)
Author Location pl7 (24-31 LAI)
Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
References [Price e al.[1997
* A weak CTL response to the index peptide was observed in an
HLA-B8+ infected individual.
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* Sequences from the earliest available time point showed that
a variant at position 5, an anchor residue, GGKKQYKL, was
present.

HXB2 Location p17 (24-31)
Author Location pl17
Epitope GGKKKYKKL
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords HAART, ART
References [Seth e al.|2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location p17 (24-31)
Author Location pl17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords HAART, ART, acute infection
References |Altfeld et all2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B8+ individuals that had a CTL response to
this epitope broken down by group: 0/3 group 1, 1/3 group 2,
and 2/2 group 3.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYRL

Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (BS8)
Keywords HIV exposed persistently seronegative

(HEPS)
References |[Kaul ez alJ2001a
» ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS)
References Day ef al.[2001
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¢ B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location pl17 (24-31)
Author Location pl7
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords binding affinity, review, inter-clade compari-
sons, epitope processing, escape
References [McMichael & Hanke 2002
¢ CTL response-eliciting vaccines are reviewed. The natural
epitope interactions with the HLA class I presenting molecules
and T-cell receptors are described, using the structure of this
epitope, taken from |Reid ez al|[[1996], as an example.

HXB2 Location pl17 (24-31)
Author Location (B consensus)
Epitope GGKKKYKL
Epitope name GL8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC AO01, A03, B0O8, B14, Cw7, Cw8
Country United States.

Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses

References |Lichterfeld ez al.|2004c

Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both [FN-gamma and
TNF-alpha exibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* 1/9 individuals recognized this epitope.

HXB2 Location p17 (24-32)
Author Location pl17 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes epitope to be presented by B*0801.

HXB2 Location pl7 (24-32)
Author Location pl7 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Sutton ez al.l|1993
» Exploration of HLA-B8 binding motif through peptide elution.
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HXB2 Location pl17 (24-32)
Author Location pl17 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Keywords epitope processing
References [Rowland-Jones er al.l|[1993
* Study of an individual with partially defective antigen process-
ing.

HXB2 Location pl17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (BS8)
References |[Klenerman et al.|[1994
* Naturally occurring variants GGKKKYQLK and
GGKKRYRLK may act as antagonists.

HXB2 Location p17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (BS)
References |[Klenerman et al.l1995
* Naturally occurring antagonist GGKKKYQLK found in viral
PBMC DNA and RNA.

HXB2 Location p17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Keywords escape
References Nowak ef al.||1995
* Longitudinal study of CTL response and immune escape — the
variant GGRKKYKLK binds to HLA-B8 but is not reactive.

HXB2 Location p17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (BS)
References Dyer et al.[1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of HIV-1
that was Nef-defective.
* Some of these patients had prolonged high levels of CTL effec-
tor and memory cells despite low viral load.

HXB2 Location pl17 (24-32)
Author Location pl17
Epitope GGKKKYKLK
Immunogen
Species (MHC) human (BS8)
References [Rowland-Jones et al.|[1999
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¢ CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.

In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.
HIV-2 sequence: GGKKKYKMK - no cross-reactivity |Phillips
et al.|[1991]].

HXB2 Location p17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (B8)

Keywords HAART, ART, supervised treatment interrup-
tions (STI), immunodominance, acute infec-
tion

References |Oxenius et al/2000

 Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

This epitope was recognized by 1/7 study subjects that were
HLA-B8+.

Patient SCI12(HLA A1, B8/39, Cw0701/0702, DR2/3,
DR51/52, DQ2/6) had sustained therapy started during acute
infection and maintained an immunodominant response to
FLKEKGGL throughout and minor responses to GEI'YKR-
WII, DCKTILKAL, GGKKKYKLK - GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period
off therapy.

HXB2 Location pl17 (24-32)
Author Location pl7
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al.|2002b
» Using previously defined epitopes|Oxenius ef al.|[2000l 2001a]
in an IFNgamma elispot assay, 13 chronically HIV-1 infected
patients were studied over a period including therapy with
standard treatment interruptions (STI).
» STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location pl17 (24-35)
Author Location pl7 (25-35 SF2)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords review, immunodominance, escape
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References |Goulder ef al.[1997a; |Phillips et al.|1991

* Longitudinal study of CTL escape mutants in people with the
appropriate HLA types — little variation was observed in the
immunodominant B27 epitope, relative to B8 epitopes, which
varied over time.

* |Goulder et al.|[1997a] is a review of immune escape that points
out that there may be a protective effect associated with B27,
and that HLA-BS8 individuals tend to progress more rapidly
than HLA-B27 patients.

HXB2 Location p17 (24-35)
Author Location pl17 (25-35)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (BS)
References [Birk et al]1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (28-36)
Author Location
Epitope KYRLKHLVW
Immunogen HIV-1 infection
Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul ez al.|2001c

* This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually serocon-
verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.

* The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.

* This epitope was recognized in 1/22 HEPS sex worker controls
(ML1573).

HXB2 Location pl7 (28-36)
Author Location (C consensus)
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301, A*2402)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords cross-presentation by different HLA, charac-
terizing CD8+ T cell responses
References [Kiepiela ez al.[2004
* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression was
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
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This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p17 (28-36)
Author Location pl7 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A*2402)
Keywords optimal epitope
References [Frahm ez al.|2004
 C. Brander notes that this is an A*2402 epitope.

HXB2 Location p17 (28-36)
Author Location pl7 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
References |Ikeda-Moore et al.[1998

Strong CTL activity to this peptide was detected in 2/3 HIV-
infected individuals who were HLA A24+.

HLA A24 is very common in Japanese (70% carry it) and is
common globally.

This epitope was detected by looking for peptides with appro-
priate A24 anchor residues (Y at position 2, carb-term ILF or
W) — 16/17 such peptides bound to A24 — KYKLKHIVW was
found to be a naturally processed epitope that elicits a strong
CTL response.

HXB2 Location p17 (28-36)
Author Location pl17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A23)
References |Goulder & Walker|1999
* P. Goulder, pers. comm.

HXB2 Location pl17 (28-36)
Author Location pl7 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A24)
References Brander & Walker|1996
¢ D. Lewinsohn, pers. comm.

HXB2 Location p17 (28-36)
Author Location pl17 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords HAART, ART, acute infection
References |Altfeld ez all2001b
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Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-A24+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 2/3 group 2,
and 0/0 group 3.

HXB2 Location pl17 (28-36)
Author Location p17 (28-36 93TH253 subtype CRFO01)
Epitope KYKLKHIVW
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords inter-clade comparisons
References [Bond et all2001
More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this study
concentrated on A1l epitopes in this group, although E clade
versions of previously defined B-clade A2 and A24 epitopes
were also tested.
The only HLA-A24 FSWs tested did not recognize the E clade
version of this epitope KYKMKHLVW, which differs from
the previously defined B clade version by two amino acids,
KYKLKHIVW.

HXB2 Location p17 (28-36)
Author Location pl17
Epitope KYKLKHIVW
Epitope name KW9
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A2, A24 B38, B60, Cw2, Cw12
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI),
acute infection
References |Montefiori ez al.[2003
e HIV-1 + patient AC10 underwent early HAART treatment,

which was discontinued 1.5 years later. At this timepoint po-
tent NAD responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NAb re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location p17 (28-36)
Author Location p17 (28-36)
Epitope KYKLKHIVW
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Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A0201/2402, B52/75, Cw3; A0207/2402,
B46/52, Cw1; A2402/26, B7/5101, Cw7
Country Japan.
Assay type Chromium-release assay
Keywords epitope processing, escape
References [Yokomaku ez al.[2004
» Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exogenously
loaded onto the cells. Escape is thus probably due to changes
that occur during the processing and the presentation of epi-
topes in infected cells.
 Epitope variants recognized when added exogenously but not
when processed endogenously were: kyRlIkhLvw, RyRIkhLvw
and QyRIkhivw.

HXB2 Location p17 (28-36)
Author Location pl7 (728-736 subtype A)
Epitope KYRLKHLVW
Subtype A

Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (Cw4)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References |[Kaul e al.|2001a

ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-Cw4 women, 2/2 HEPS and 7/11 HIV-1 infected
women recognized this epitope.
The dominant response to this HLA allele was to this epitope in
both of the 2/2 HEPS cases and in 3 of the 7/11 HIV-1 infected
women.

HXB2 Location pl17 (28-36)
Author Location pl7 (28-36)
Epitope KYRLKHLVW
Immunogen HIV-1 infection
Species (MHC) human (Cw4)
References |Appay et al.[2000

 This epitope is newly defined in this study.

* Combined tetramer and intracellular cytokine staining was used
to study the function of circulating CD8+ T cells specific for
HIV and CMV.

* HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.

HIV Molecular Immunology 2005
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* In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a
distinct subset that failed to produce TNF-a.

HXB2 Location p17 (33-41)
Author Location pl17
Epitope HLVWASREL
Epitope name HL-9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0804)
Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords inter-clade comparisons, epitope processing,
immunodominance, cross-presentation by dif-
ferent HLA

References [Masemola et al.|2004b

Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. Nine
specific epitopes within the most reactive regions were char-
acterized. This is one of five novel epitopes that were found
among subtype C HIV-1 from African patients that hadn’t pre-
viously been identified in B clade infections. Some epitopes
were shown to be promiscuous, presented by multiple class I
restricting alleles.

HLVWASREL was presented by Cw*08 and newly identified
in this study; Cw*08 is slightly more common in Zulus than
Caucasians (0.066 versus 0.038).

HXB2 Location pl17 (34-44)
Author Location pl7
Epitope LVWASRELERF
Epitope name LF-11
Subtype C
Immunogen HIV-1 infection

Species (MHC) human (A*3002, B*570301)
Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords inter-clade comparisons, epitope processing,
immunodominance, cross-presentation by dif-
ferent HLA

References IMasemola et al.||2004b!

* Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. Nine
specific epitopes within the most reactive regions were char-
acterized. This is one of five novel epitopes that were found
among subtype C HIV-1 from African patients that hadn’t pre-
viously been identified in B clade infections. Some epitopes
were shown to be promiscuous, presented by multiple class I
restricting alleles.

LVWASRELERF was clearly presented by both A*3002 and
B*570301, it might also be cross-presented by A*3001, but not
as effectively. A*30 is ten fold more common among Zulus
than Caucasians (allele frequency 0.195 versus 0.019), while
B*57 is roughly comparable (0.051 versus 0.043).
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HXB2 Location pl17 (34-44)
Author Location (C consensus)
Epitope LVWASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References Kiepiela et al.[2004
* HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
 This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location pl17 (36-44)
Author Location pl7 (SF2)
Epitope WASRELERF
Immunogen HIV-1 infection

Species (MHC) human

Keywords inter-clade comparisons, immunodominance

References |Goulder et al.|2000a

The dominant response in an African American who was HLA
A3/33 B35/B53 Cw4/7 was to this epitope, although the re-
stricting element was not determined — this epitope fell outside
the most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKIK (pl17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl17 (36-44)
Author Location pl7 (35-43 LAI)
Epitope WASRELERF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*3501)
References |Goulder ez al.[1997d
» Optimal epitope defined from within p17(30-44), LKHIVWAS-
RELERFA.
* Dominant CTL response in an HIV+ asymptomatic donor was
to this epitope.
¢ The Phe in the C-term anchor is distinct from the previously-
defined Tyr for B¥3501 C-term anchors.

80

Gag p17 CTL, CD8+, epitopes

HXB2 Location pl17 (36-44)
Author Location pl7 (36-44 LAI)
Epitope WASRELERF
Subtype B
Immunogen
Species (MHC) human (B*3501)
Keywords optimal epitope
References [Frahm et al.|2004; |Goulder et al.[1997b
* C. Brander notes this is a B*3501 epitope.

HXB2 Location p17 (36-44)
Author Location pl7 (36—44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Birk et al.]1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (36-44)
Author Location pl7 (36-44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References |Ferrari ez al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location pl7 (36-44)
Author Location pl17 (3644 SF2)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART, acute infection
References |Altfeld et al.J2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B35+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 0/2 group 2,
and 1/1 group 3.

HXB2 Location p17 (36-44)
Author Location
Epitope WASRELERF
Epitope name Gag-WF9
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (B35)
References |Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA B35, 1/21 (5%)
recognized this epitope.

HXB2 Location p17 (36-44)
Author Location Gag
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)

References [Koning ef al.[2004
* A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
No one, 0/3 HLA B35+ infection-resistant men, and 0/5 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (69-93)
Author Location p17 (69-93 BH10)
Epitope QTGSEELRSLYNTVATLYCVHQRIE
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Johnson et al.[1991
* Gag CTL response studied in three individuals.

HXB2 Location p17 (71-79)

Author Location pl17 (71-79 LAI)
Epitope GSEELRSLY
Subtype B

Immunogen
Species (MHC) human (A1)
References Brander & Walker] 1996
* P. Goulder, pers. comm.

HXB2 Location pl17 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (A1)
References Birk et al.ll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (71-79)
Author Location pl17 (71-79 HXB2)
Epitope GSEELRSLY
Epitope name GSE
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A1)

Keywords HAART, ART, supervised treatment interrup-
tions (STI), immunodominance, acute infec-
tion

References |Oxenius et al[2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

* This epitope was not recognized by the 6/8 study subjects that
were HLA-AL.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A1)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al./2001a
* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-A1 women, 1/1 HEPS and 3/3 HIV-1 infected
women recognized this epitope, and the response was the dom-
inant HLA-AT1 response in all cases.

HXB2 Location p17 (71-79)
Author Location pl17
Epitope GSEELRSLY
Epitope name GSE
Immunogen HIV-1 infection
Species (MHC) human (A1)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al/2002b
* Using previously defined epitopes|Oxenius et al.|[2000} [2001a]
in an IFNgamma Elispot assay, 13 chronically HIV-1 infected
patients were studied over a period including therapy with
supervised treatment interruptions (STI).
 STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79)
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Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
 3/13 patients recognized this epitope.

HXB2 Location pl17 (71-79)
Author Location (71-79 B consensus)
Epitope GSEELRSLY
Epitope name GY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
CTL assay
Keywords characterizing CD8+ T cell responses
References |Allen ef al.|2004

* This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag pl17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RKD9 epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope; this
response declined following viral escape (tsNlgeqigw) by day
64. The pl7 KK9 and RK9 became immunodominant, but
then declined as the escape mutation arose. Three other strong
responses that persisted were detected, along with one sub-
dominant response to GY9.

HXB2 Location pl17 (71-85)
Author Location pl7 (71-85 SF2)
Epitope GSEELRSLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman et al.l|]1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
» Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A1, Al1, B8, B27.

HXB2 Location pl17 (71-85)
Author Location pl7 (71-85 HXB2)
Epitope GSEELRSLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
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Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.2003

» Comprehensive elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 were chronically infected and treated; 22 started treatment
during acute infection; 11 continuously treated and 11 with
STI.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
Responses to this peptide were detected in 16% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location pl17 (71-90)
Author Location Gag (HXB2)
Epitope GSEELRSLYNTVATLYCVHQ
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A2
Assay type CD8 T-cell Elispot - IFNy
Keywords assay standardization/improvement, HAART,
ART
References |Chitnis ef al.2003

* 17 perinatally HIV-1 infected children (0.08-16 years) were
evaluated for HLA-A2-restricted IFN-gamma CD8+ CTL re-
sponses against 4 immunodominant peptides that carry HLA-
A2 epitopes. Two peptides were from gp120 (one at position
112, one from the V3 loop), and one each was from gp41 and
Gag. 15/17 patients responded to the Gag peptide, 13/17 to the
gp41 and the non-V3 gp120 peptides, and 11/17 responded to
the V3 loop. 4 children recognized all 4 peptides.
In 10/14 children, addition of exogenous IL-15 induced in-
creased frequencies of SFCs to the Gag peptide. IL-2 and IL-7
did not increase SFCs, however IL-2, IL-7 and IL 15 could
all increase the intensity of the spots in some patients. In 4
children, IL-15 addition brought the SFC response up to the
level of detection.

HXB2 Location pl7 (74-82)
Author Location p17
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B*0801)
Keywords optimal epitope
References [Frahm ez al./2004
* Noted by Brander to be a B*0801 epitope.
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HXB2 Location p17 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B8)
References |Goulder et al.[1997¢g
* Defined in a study of the B8 binding motif.

HXB2 Location p17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References Birk et al.|l1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (74-82)
Author Location pl17 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |[Ferrari e al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location pl17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References Day et al.|2001
* B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location p17 (74-82)
Author Location (B consensus)
Epitope ELRSLYNTV
Epitope name EV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC Al1, A29, BO8, B44, Cw4, Cw7
Country United States.

Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses

References |Lichterfeld e al.|2004c

Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both IFN-gamma and
TNF-alpha exibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.
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* 1/9 individuals recognized this epitope.

HXB2 Location p17 (74-83)
Author Location Gag
Epitope ELRSLYNTVA
Epitope name 1241
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion
References |De Groot et al.|[2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
* Estimated binding probability for ELRSLYNTVA: 71%. This
epitope was previously identified in the literature, but was not
confirmed in this study.
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HXB2 Location pl7 (76-86)
Author Location pl17 (74-86 LAI)
Epitope RSLYNTVATLY
Subtype B
Immunogen
Species (MHC) human (A*3002)
Keywords optimal epitope
References |[Frahm ez al./2004
* C. Brander notes this is an A*3002 epitope.

HXB2 Location p17 (76-86)
Author Location pl17 (SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a

* The CTL-dominant response was focused on this epitope in a
single HIV+ individual from Boston — this epitope fell outside
the most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (76-86)
Author Location Gag (96ZM651.8)
Epitope RLSYNTVATLY
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Immunogen
Species (MHC) human (A*3002)
References Novitsky ez al.[2001

* This study provides a survey of CTL responses and full length
HIV-1 genome sequences from a C subtype infected Botswanan
cohort.

e Only 3/13 (23.1%) A*3002-positive subjects demonstrated
moderate CTL responses to the peptide GTEELRSLYNTVAT-
LYCVHE (residues 71 to 90), which contains the previously
described A*3002 epitope RLSYNTVATLY.

HXB2 Location p17 (76-86)

Author Location pl7 (76-86)
Epitope RSLYNTVATLY
Epitope name RY11 (pl17)
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
References |Goulder et al.|2001a

HLA-A*3002 is very common in African populations, 50% of
Zimbabweans express HLA-A30, 44% in African Zulu, so five
new HIV epitopes were characterized that are presented by this
HLA molecule.

A rapid method was developed combining ELISPOT with in-
tracellular IFN-y staining of PBMCs to map optimal epitopes,
then HLA presenting molecules were defined — this method
was completed within 48 to 72 hours of receipt of blood.

Two individuals were studied:  Subject 199 (HLA
A*0201/*3002 B*4402/51 Cw2/5), a Caucasian, and
Subject 6007 (HLA A*3002/ B53/%5801 Cw4/7) an
African-Caribbean.

In both HLA-A*3002 individuals the response to RSLYNT-
VATLY was dominant.

Three quantitative assays, ELISPOT, precursor frequency and
chromium release, confirmed a hierarchy of response: RY11
(p17) > KY9 (gp41) > KY9 (RT-53) > IYO (gp41).
HLA-A*3001-positive targets do not present RSLYNTVATLY.

HXB2 Location pl17 (76-86)

Author Location

Epitope RSLYNTVATLY
Epitope name Gag-RY11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Donor MHC A*3002 A*3201 B*4501 B*5301 Cw*0401
Cw*1202
Keywords HAART, ART
References [Sabbaj ez al.[2002b

 This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

« Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.
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* Subject 00RCH33 was on HAART had a viral load of 2900 and
CD4 count of 727 and also recognized the epitopes YPLTFG-
WCY, Nef(135-143), HLA B*5301; AETFYVDGA, RT(437-
445), HLA B*4501; and HIGPGRAFY, gp160(310-318), HLA
A*3002.

* Among HIV+ individuals who carried HLA B30, 3/16 (19%)
recognized this epitope.

HXB2 Location p17 (76-86)

Author Location (C consensus)

Epitope RSLYNTVATLY

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References |Kiepiela ez al.[2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location pl7 (76-86)
Author Location pl17 (74-86 SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A30)
Keywords HAART, ART, acute infection
References |Altfeld et al.|2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A30+ individuals that had a CTL response to
this epitope broken down by group: 0/1 group 1, 0/0 group 2,
and 1/1 group 3.

HXB2 Location p17 (76-86)
Author Location p17
Epitope RSLYNTVATLY
Epitope name A30-RY11(pl17)
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (A30)
Donor MHC A30, A32, B18, B27
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Altfeld e al.[2002b

e Peripheral blood (PB) and lymph node (LN) CD8+ T-cell re-
sponses were compared in 15 asymptomatic HIV-1 infected
patients using all known optimal CTL epitopes (http://hiv-
web.lanl.gov/content/hiv-db/REVIEWS/brander2001.html) for
each person’s class I HLA alleles.

* 60 epitope responses were detected in both PB and LN samples
of the 15 patients, and an additional 8 responses were detected
only in LN. The total magnitude of the response was similar
in LN and PB, but the percentage of CD8+ T cells in the LN
is lower so the number of HIV-specific cells per million CD8+
T-cells is higher in the LN.

¢ 1 year post-HAART treatment in five patients studied, the
magnitude of the CD8+ T-cell response was decreased in both
LN and PB, but more dramatically in PB, and 13/25 epitope
responses in the PB became undetectable, in contrast to 5/26 in
the LN.

* Treatment interruption following HAART resulted in increased
viremia accompanied by the restoration of the detection of
13 epitopes that had become undetectable in the PB, and the
addition of 9 novel epitope responses.

» Breakdowns of epitope responses were shown for 4 individuals.
Patient D displayed the greatest response to B27-KK10 (p24),
and also responded to A30-RY11(p17), A32-PW10(RT), A30-
KY11(RT), A32-RW10(gp120), and B18-YY9(Nef).

HXB2 Location p17 (76-86)
Author Location pl7
Epitope RSLYNTVATLY
Epitope name RY-11
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A30)

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords inter-clade comparisons, epitope processing,
immunodominance, cross-presentation by dif-
ferent HLA

References [Masemola ez al.|2004b

 Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. Nine
specific epitopes within the most reactive regions were charac-
terized.

* RSLYNTVATLY was presented by A*30, which is more com-
mon in Zulus than Caucasians (0.195 versus 0.019). This
epitope had previously identified in B clade infections.

HXB2 Location pl7 (76-86)
Author Location p17
Epitope RSLYNTATLY
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A30)
Donor MHC A02, A30, B4402, B15
Assay type T-cell Elispot

HIV Molecular Immunology 2005
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Keywords HIV exposed persistently seronegative
(HEPS)
References [Missale et al.|2004

» HIV-specific T-cell response was tested in HIV-uninfected pa-
tients exposed to blood from a patient with highly replicating
HIV; these same patients were nosocomially infected with HBV.
HIV-specific T-cell responses were directed to structural and
non-structural HIV proteins in two patients suggesting that the
virus replicated in these patients sufficiently to prime a cell-
mediated immune response that protected these individuals
from HIV infection.
This patient responded to 4/8 HIV epitopes tested in an
IFNgamma elispot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure, this particular epitope
was only tested with elispot.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human
Keywords review, escape
References [Sewell et al.|[2000
* Review of the impact of CTL on viral immunity and escape that
notes that SLYNTVATL-tetramer binding cells in individuals
that react to this epitope inversely correlate with plasma viral
load.

HXB2 Location pl7 (77-85)
Author Location (SF2, HXBc2/Bal chimeric)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC)
Keywords rate of progression, escape
References |Douek et al.[2002
Seven HIV-positive subjects tended to make their strongest
CD8+ T-cell response against Gag; these responses had varying
breadth and magnitude that were unrelated to disease progres-
sion.
Patient TX7 primarily recognized SL9 during a three year study
period and used six T-cell clonotypes for this recognition.
SLYNTVATL was the only form of the epitope found initially,
but three alternate forms eventually appeared: SLYNTVAVL,
SLYNTIATL, and most commonly SLYNTIAVL. These dis-
tinct forms bind A2, but have distinct abilities to stimulate
different T-cell clonotypes.
In subject TX7, the observed mutations of SL9 failed to escape
overall CTL recognition, presumably because the six T-cell
clonotypes allowed a more flexible response.
The BV17 T-cell clone recognized SL9 but not SLYNTIAVL,
and BV17 became undetectable at week 20 when SLYNTI-
AVL predominated. Subsequently BV17 became the second
most common clone. Thus the relative frequency of the T-cell
clonotypes varied with respect to each other and to epitope
variation.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
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Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*0201
Keywords HAART, ART, responses in children
References |Luzuriaga et al.|2000

* Longitudinal study of 8 infants with prolonged viral suppres-
sion due to combination antiretroviral therapy showed no HIV-1
specific CTL responses in peripheral blood cells. 6/8 were
studied using a Chromium release assay and no response was
detected using Gag expressed in vaccinia in the target cells.
Three HLA-A*0201 children were tested using SLYNTVATL
or ILKEPVHGV HLA A*0201 tetramers and again no HIV-
specific response was detected, either using PBMC specimens,
or PBMC which had been stimulated in vitro for a week.

 In contrast, one of the children with therapy suppressed HIV
viral replication who was co-infected with HIV and EBV, while
HIV-tetramer negative, had EBV-tetramer staining cells at a
frequency of 0.14% in the PBMC.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References Huang ef al.[2000:

The single cell ELISPOT assay was optimized and highly spe-
cific, and found to work well even after the primary cells had
been frozen and thawed.

Increases in gamma IFN producing cells were observed in re-
sponse to anti-retroviral therapy using single cell IFN-gamma-
production ELISPOT.

4/8 A*02 subjects had a positive response to this epitope indi-
cating that it is a major epitope for CD8+ gamma IFN produc-
tion.

In 3/3 HLA A*02, B*27 individuals, the dominant response in
gag measured by both gamma IFN production and T-cell lysis
was a B27 epitope, p24(263-272), not the A2 SLYNTVATL
epitope.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References [Rinaldo ez al.l2000
* Administration of triple-drug antiretroviral therapy (IDV, 3TC
and ZDV) sometimes showed a transient increase and other
times failed to increase CTL responses in patients with ad-
vanced HIV disease, but there is a stable population of tetramer
stained HIV-specific CD8+ CD45RO+ cells that can persist
after therapy and long periods of virus being below the level of
detection.

HXB2 Location pl7 (77-85)
Author Location p17
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Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART, immunodominance
References [Scott-Algara et al.|2001

* This study examined with CTL response in HLA A*02+ chil-
dren by tetramer staining for HLA-A2 immunodominant epi-
topes SLYNTVATL and ILKEPVHGV.

* 71% of the 28 HIV-1 infected HLA-A*02 positive children
recognized both epitopes, with cells from 26 children stained
positive by the gag tetramer (SLYNTVATL) and 21 children by
the pol tetramer (ILKEPVHGV)

* There were no differences observed in children that had therapy
versus those that did not.

 Tetramer-binding cells were memory activated CD28-,
CD45RO+, CD45RA- HLADR+, CD69-, CD8+ T-cells.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance, es-
cape
References [Brander et al.l1999

* Multiple natural variations in the SL9 flanking regions of the
immunodominant epitope SLYNTVATL were tested and found
not to adversely affect CTL recognition or prevent epitope
processing, suggesting that viral escape from the HLA-A*0201-
restricted CTL response against SLYNTVATL is probably not
linked to variations in the flanking regions of this epitope.

* The substitution Y79F was an escape mutation in that it inter-
fered with CTL recognition by one CTL clone from an A*0201
infected individual, clone 13010.B17, but it was still recognized
by another CTL clone, 115.D4.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords acute infection
References |Wilson et al.J2000a
* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal relation-
ship between the number of circulating HIV-specific T-cells
and viral load was also found.
All three patients were B*2705, with HLA alleles: A1, A30/31,
B#2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*¥2705 epitope KRWIILGGLNK.
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* The subject with A*0201 had a moderately strong response to
SLYNTVATL.

* Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA A1, A*0301, B7, B*2705.

* No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEV VL.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Tan et al.[1999
* Adoptive transfer of two autologous in vitro-expanded CTL
clones against the A*0201 restricted epitopes SLYNTVATL
and VIYQYMDDL were infused into a patient — they were well
tolerated, but the SLYNTVATL clone was shown by tetramer
staining to be rapidly eliminated through apoptosis, and the
treatment had no impact upon viral load and CD4 and CDS cell
counts.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References |Betts et al.[2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
Individuals who did not respond to SLYNTVATL recognized
other HIV epitopes, and 2/4 SLYNTVATL responders had
stronger responses to epitopes restricted by other class I alleles.
SLYNTVATL was the only response detected in a one individ-
ual that was HLA A*0201, B44, B70.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Ogg et al.[1999
* CTL effector levels were measured after potent ARV ther-
apy using HLA-tetramer complexes for the A*0201 epitopes
SLYNTVATL and ILKEPVHGYV in seven patients, and the
B*3501 epitope DPNPQEVVL in one additional patient.
* Levels of CTL effectors typically decline for 5-7 days and then
rebound, fluctuating during the first two weeks of therapy.
» After the early fluctuation, there was a steady exponential decay
with a median half-life of 45 days.
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HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Altman et al.|1996
* This paper introduces the tetramer methodology that permits
quantification of specific CTL based on expression of specific
TCRs — HLA-A2 tetramers were prepared that can stain CTL
lines specific for ILKEPVHGV and SLYNTVATL, and quanti-
tate HIV-specific CD8+ cell lines in freshly isolated PBMCs.
* Three patients only stained the Gag epitope SLYNTVATL, one
patient had the highest frequency of tetramer staining to the
Pol epitope (0.77%), less to the Gag epitope (0.28%).

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|1999
* Administration of highly active antiretroviral therapy (HAART)
reduced CD8+ cell frequency, and the CD8+ cells detected by
tetramer staining were likely to be memory cells, indicating
that persistently replicating viral populations are needed to
maintain high frequencies of HIV-1 specific CTL.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords inter-clade comparisons
References IMcAdam et al.|1998
* CTL from a patient infected with clade B virus did not recog-
nize the clade A analog of this epitope.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords TCR usage
References |Wilson et al.|1998a
HIV+ individuals were followed longitudinally using MHC
tetramers in combination with 14 anti-BV chain MAbs, and
clonal expansion of HIV-specific T cells was followed in vivo.
Seven HIV+ people were studied, and all showed expansions of
particular TCR BV clones, often several, relative to uninfected
controls.
Three patients were followed in detail, TCR VB expansions
persisted for 2 to 3 years, with occasional transient increases.
An A2-Gag specific line from one patient was found to be BVS,
and at its highest level represented 17.5% of the patient’s CD8+
T cells.
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HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Ogg et al.[1998b:
* HLA-tetrameric complexes were used in a cross-sectional study
of 14 untreated HLA A*0201 positive individuals, revealing
an inverse relationship between HIV Gag and Pol specific CTL
effector cells (CTLe) and viral load.
Inclusion of both the p17 SLYNTVATL and RT ILKEPVHGV
epitopes gives a good representation of HLA A*0201-restricted
activity.
* No correlation was observed between the CTLe and CD4 count
or clearance rate of productively infected cells.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Keywords epitope processing
References [Walter et al.|1997
¢ HLA-A2 heavy chain and 2-microglobulin expressed in E.
coli were refolded in the presence of this peptide.
* The HLA-A2-peptide complex elicited HLA-A2 peptide-
specific CTL response in cells lacking HLA-A2.
* Suggests that preformed HLA-peptide complexes could pro-
vide an alternate to intracellular processing for immunogens.

HXB2 Location p17 (77-85)

Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |[Lalvani et al.l1997

* A peptide-based protocol was optimized for restimulation of
CTLp using optimized peptide and IL-7 concentrations — impor-
tantly this protocol does not stimulate a primary response, only
secondary — peptide-specific CTLp counts could be obtained
via staining with peptide-Class I tetramers.
This peptide was one of the test peptides for optimizing the
protocol.

HXB2 Location p17 (77-85)
Author Location pl17 (76-84)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
References |van der Burg et al.|1996
 Slow dissociation rate is associated with immunogenicity.
* CTL generated by in vitro stimulation of PBMC derived from
uninfected individual.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
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Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, escape
References |Goulder et al.[|1997e},|Goulder et al.[1997al
HLA-identical siblings, hemophiliac brothers, were both in-
fected with the same batch of factor VIIL
One had a response to gag A2 epitope SLYNTVATL, the other
to pol A2 epitope ILKEPVHGYV. They were tested 6-8 years
after infection.
Viral sequencing from the twin that had no response to SLYNT-
VATL indicated his virus had the substituted form SLH-
NAVAVL.
71% of an additional set of 22 HIV-1 infected HLA-A*0201
positive donors preferentially responded to gag SLYNTVATL.
Those individuals with a pol ILKEPVHGYV response tended to
have mutations in or around SLYNTVATL.
An additional subject went from SLYNTVATL responder to
non-responder coincident with a switch to the variant SLENT-
VATL.
Goulder et al.|[[1997a] is a review of immune escape that sum-
marizes this study.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review
References |Goulder et al.l|]1997a

* This paper is a review of CTL and immune evasion, but it
presents a study of a shift from an HLA-A*0201 response to
SLYNTVATL, to a B62 response to GLNKIVRMY.

* Aslong as a strong CTL response to SLYNTVATL was evident,
the epitope variants SLENTVATL or SLYNTIATL dominated
the viral population — eventually the CTL response to the index
peptide became undetectable, the CTL response shifted to a
focus on GLNKIVRMY, and the index peptide SLYNTVATL
once again established itself as the dominant form.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|1999
* Peptide-tetramer complexes of A*0201 and SLYNTVATL
or ILKEPVHGYV were used to study individuals receiving
HAART to determine the frequency of Class I HLA-restricted
anti-HIV CD8+ T cells.
* 17/18 asymptomatic patients had a CTL response to one or
both epitopes — 72% had a CTL response to SLYNTVATL.
» After HAART, the majority of the epitope-specific CTL were
apparently memory cells.

HXB2 Location p17 (77-85)

HIV Molecular Immunology 2005



Gag p17 CTL, CD8+, epitopes

Author Location p17 (77-85 subtype A)
Epitope SLFNTVATL
Epitope name SL9
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords inter-clade comparisons
References [Dorrell ez al.J1999
* CTL responses in three individuals with non-clade B infections
were studied, two with subtype A infections, one with subtype
C — their infections all originated in East Africa.
 This epitope is most commonly SLYNTVATL in B subtype,
and CTL from the C subtype infection did not recognize B
clade gag or the 3Y form of the epitope, but did recognize the
predominant A and C clade form, SLENTVATL.

HXB2 Location p17 (77-85)

Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References |Brander et al.|1998al

e Of 17 infected HLA A*0201 subjects, 13 had CTL re-
sponses against the p17 SLYNTVATL epitope, six recognized
ILKEPVHGYV and five recognized VIYQYMDDL, and there
was no correlation between viral load and recognition of a
specific epitope.
Only one subject had CTL against all three epitopes.

There was significant heterogeneity in the CTL response to this
immunodominant epitope.

The overall variation in this epitope among the 17 who had a
CTL response and 11 non-HLA A*0201 HIV-1 + individuals
was similar, suggesting a lack of immune pressure.
* Subjects were part of the San Francisco City Clinic Cohort, the

ARIEL project and from the Boston area.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References Hay ef al.|1999
e CTL response to IPRRIRQGL was the immunodominant re-
sponse in a rapid progressor — there was a subdominant re-
sponse to SPAIFQSSM in Pol, and interestingly, no response
to commonly immunodominant HLA A*0201 epitope SLYNT-
VATL, although this individual was HLA A*0201.
The individual showed a strong initial CTL response at the time
of the initial drop in viremia, but it was quickly lost, although
memory cells persisted.
Despite the initial narrow response to two epitopes, no other
CTL responses developed.
No HIV-specific lymphoproliferative responses were detected
in this patient, and neutralizing antibody response was weak.
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* A variant of this epitope was observed in vivo (—F—-V-), but
this mutation is recognized by SLYNTVATL-specific CTL,
and in this case the patient’s cells could present the peptide to
SLYNTVATL-specific CTL.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Kalams et al.l|1999b
» Two patients were followed before and after HAART —reduced
plasma HIV-1 RNA levels resulted in a decline in HIV-specific
in-vivo activated CTL such that by day 260 CTL activities were
undetectable.
* ERYLKDQQL was the dominant response in one of the indi-
viduals, SLYNTVATL subdominant.
* Sporadic breakthrough in viremia resulted in transient increases
in CTLp.
* Memory CTL frequency directed against Vac-Gag, Vac-RT,
Vac-Env, and Vac-Nef initially increased with HAART and
then decreased with the decline of the viral load.
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HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Spiegel et al.|2000

* High levels of CD8+ HIV-1 specific and cytomegalovirus spe-
cific CTL were detected by HLA-A*0201-peptide tetramers in
3 infected subjects with very low CD4 counts, but CD8 T cell
mediated effector activity was not seen.

* Thus HIV-1 specific CD8+ cells may be present but may lack
direct effector activity in late disease, suggesting that over-
coming antigen unresponsiveness may be a useful therapeutic
strategy.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Larsson et al.l|]1999
* ELISPOT was used to assay the CD8+ T-cell response to the
HIV-1 proteins Gag, Pol, Nef or Env expressed in vaccinia
vectors in 19 HIV+ people.
* The highest CTL frequency was directed at epitopes Pol.
 In A*0201 individuals, higher numbers of spot-forming T cells
were directed against HIV-1 proteins expressed in vaccinia than
to peptides SLYNTVATL and ILKEPVHGYV presented by A2.

HXB2 Location pl7 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a
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The CTL-dominant response was focused on this epitope in
11725 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (pl17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0201)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes this is an A*0201 epitope.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords escape, acute infection
References |Goulder ez al.|2001a

* This epitope is targeted by 75% of HLA-A*0201, HIV+ adults,
and the magnitude of the response is inversely correlated with
viral load.

¢ CTL responses to SL9 and autologous SL9 variants were not
detected in 11 HLA-A*0201 positive subjects during acute
infection.

* Longitudinal studies of two individuals (AC13 and PI004)
showed that the initial control of viremia was independent
of the SL9 CTL response.

* Low Gag expression levels did not correlate with the delayed
CTL response to this epitope.

* Autologous SL9 variants SLYNTIAVL, SLYNTVAVL, SLENT-
VATL, SLENTVATL, and SLFNTVATL are each capable of
inducing a range of CTL responses, sometimes strong, some-
times diminished, and sometimes complete escape relative to
the wild type variant SLYNTVATL in patients with chronic
HIV-1 infection — the ability to cross-react with a particular
variant was patient dependent.

HXB2 Location pl17 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name p17 SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords inter-clade comparisons, supertype, computa-
tional epitope prediction
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References |Altfeld et al.|2001c

* HIV was scanned for all peptides which carried the A2-
supermotif pattern conserved in more than 50% of B clade
sequences — 233 peptides met this criteria, and 30 of these
bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-
A2 supertype alleles tested.
Three additional previously described HLA-A2 epitopes were
added to the set of 20, including p17 SL9, and 18/22 chronically
infected HLA-A2 individuals had CTL that recognized at least
one of the 23 peptides (median of 2 and maximum of 6), while
6/12 acute infected individuals recognized at least 1 (median
of 1 and maximum of 2).
p17 SL9 was recognized in 12/22 patients with chronic HIV-1
infection.
* Only 1/13 patients with acute HI'V-1 infection recognized p17

SL9.

HXB2 Location pl17 (77-85)

Author Location Gag

Epitope SLYNTVATL
Epitope name (SL9)
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References (Goepfert et al.|2000

* This paper describes a comparison of results of different CTL
assays, a SL9 tetramer assay and IFN-gamma ELISPOT, using
7 HIV-positive patients.

* The IFN-gamma ELISPOT assay was compared using the
single SL9, a pool of overlapping 20 mers, and recombinant
vaccinia encoding Gag as antigen — pooled peptides gave the
highest number of spot forming cells, vaccinia gave high back-
ground.

* A correlation with results of the tetramer assay was found
only for ELISPOT using the Gag epitope as antigen, but the
tetramer assay detected a 10-fold higher number of cells than
could produce IFN-gamma in the ELISPOT assay — the authors
suggest not all tetramer-positive cells may produce IFN-gamma,
some may be undergoing apoptosis, some may be producing
other cytokines.

The tetramer assay could detect a reaction to SLYNTVATL

in most of the HLA-A*0201 chronically HIV-1 infected study

subjects.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0201)
Keywords binding affinity
References |Sandberg et al.|2000
* This epitope served as a positive control in a study comparing
peptide binding affinity to HLA-A201 to CTL responses upon
vaccination with a nef DNA vaccine.

HXB2 Location pl7 (77-85)
Author Location Gag (LAI)
Epitope SLYNTVATL
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
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Keywords dendritic cells
References [Engelmayer ef al.[2001
* Recombinant canarypox virus vector containing HIV-1 se-
quences, upon infection of mature dendritic cells, can trigger
specific lysis through in vitro by T-cells from HIV-1 infected
individuals at levels comparable to the response seen to HIV
carried in vaccinia vectors.
* Recombinant canarypox virus vector containing HIV-1 se-
quences can also stimulate HIV-specific CD4+ helper T-cell
responses.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name G3
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References [Mollet et al.|2000
* A panel of 16 epitopes covering 15 class I alleles was tested
in 14 HIV+ patients from an unselected Caucasian population
treated with HAART, using tetramer staining or CD8+ cell
IFNgamma production to measure responses.
In general, during the first month of treatment viral load de-
creased and frequencies of HIV-specific CTL tripled and broad-
ened — eight new HIV specificities that were not previously
detectable were newly detected, as were CMV specific CD8+
PBL — but with continued viral suppression, HIV-specific re-
sponses diminished.
Viral rebounds gave different patterns of response: increases
or decreases in pre-existing response, new specificities, or no
change.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Gea-Banacloche et al.|[2000
¢ In a study including many long-term non-progressors, no corre-
lation between plasma virus levels and number of HIV-specific
CD8+ T-cells was found.
 High frequencies of circulating CD8+ T-cells were HIV-1 spe-
cific, and the majority of these responses were to gag-pol gene
products.
* 4/21 subjects were HLA-(A*0201), and of these only 2 subjects
(patient 3 and 19) tested positive to this epitope.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords supertype, rate of progression
References [Propato ez al.[2001
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* Long-term nonprogressors (LTNPs) had strong memory resting
CD8+ T-cell responses against the majority of epitopes tested,
(18 for the A2 supertype, 16 for the A3 supertype) while the
effector cells of long-term nonprogressors recognized far fewer
epitopes.

Progressors had memory resting CD8+ T-cells that recognized
far fewer epitopes than LTNPs.

A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

Tetramer staining with A2, beta2microglobulin, and either
SLYNTVATL, KLVGKLNWA, or LTFGWCFKL revealed that
tetramers detected more HIV-specific sells in LTNP than in
progressors, activated effector cells were the minority popu-
lation, and ELISPOT correlated better with the effector cell
subpopulation than the total tetramer stained population.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART, rate of progression
References Jin et al.[2000a
* The CTL effector levels (CTLe) were compared in long term
non-progressors (LTNP) with low viral load and in patients
whose virus was well-suppressed by therapy, using a tetramer
assay.
* LTNPs have high memory CTLe numbers and low viral load,
while HAART patients had low CTLe numbers and low viral
load.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Appay et al.|2000

* Combined tetramer and intracellular cytokine staining was used
to study the function of circulating CD8+ T cells specific for
HIV and CMV.

* HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.

* In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a
distinct subset that failed to produce TNF-a.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Goulder ez al./2000b
o Tetramer assays were compared with three functional assays in
42 people with chronic HIV infection: ELISPOT, intracellular
cytokine staining, and precursor frequency (limiting dilution
assay [LDA]).
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* HIV-specific tetramer staining CTLs appeared to be active, and
inert CTL were not found to play a significant role in chronic
pediatric or adult HIV infection.

HXB2 Location p17 (77-85)
Author Location p17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords dendritic cells
References |Ostrowski et al.|2000

The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.
Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9/10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.

Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also contrib-
utes.

The T-helper epitope used for CD4+ T cell stimulation was the
universal tetanus helper epitope TET830-843 (QYIKANSK-
FIGITE).

.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen Vaccine
Vector/Type: canarypox prime with gp120
boost, canarypox prime with gp160 boost
Strain: B clade LAI, B clade MN, B clade
SF2  HIV component: Gag, gpl20, gp4l,
Nef, Pol
Species (MHC) human (A*0201)
Keywords vaccine-specific epitope characteristics
References |Ferrari e al.[2001

 Different HIV strains were used for different regions: gp41
LAI Gag LAI gp120 MN, gp120 SF2.

* Two vaccinees with Gag responses were HLA-A*0201+, but
neither made SLYNTVATL responses to the Gag vaccine, in
contrast to its frequent recognition in natural infections. No
HLA-A*0201 responses were observed to an Env vaccine.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References Migueles & Connors|2001
* CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMEF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B¥5701+ individuals with pro-
gressive viremia than those that control viremia.
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* The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2 and B57.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance
References [Sewell ef al.|2002:

* Epitope processing of three different HLA-A*0201 HIV epi-
topes was shown to use different pathways, which might influ-
ence patterns of immunodominance. 174 cells were used that
lack TAP1 and TAP2 genes, as well as the LMP2 and LMP7
genes that encode the beta-subunits of the immunoproteasome.
These genes could be added back through transfection to study
processing.
ILKEPVHGYV was efficiently presented in TAP-1 and -2 trans-
fected cells while VIYQYMDDL and SLYNTVATL were not.
VIYQYMDDL was destroyed by the MB1 subunit of the pro-
tease, and could be expressed in the presence of the proteasome
inhibitor lactacystin, but SLYNTVATL expression was not re-
stored. SLYNTVATL expression was unaltered by lactacystin
in a wild type cell line.

HXB2 Location p17 (77-85)
Author Location Gag (ADA)
Epitope SLYNTVATL
Epitope name SL-9
Subtype B
Immunogen HIV-1 infected monocyte-derived
Species (MHC) mouse (A*0201)
References |Poluektova et al.[2002
* Nonobese diabetic NOD-C.B-17 SCID mice were reconsti-
tuted with HLA-A*0201 positive human PBL and injected with
HIV-1 infected monocyte-derived macrophages MDM in the
basal ganglia to provide a mouse model of HIV-1 encephalitis.
* HLA-A*0201 CTL responses were detected by tetramer stain-
ing in the spleen in seven days, increased through day 14, and
the numbers of productively infected were reduced >85% in
the second week.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen computer prediction
Species (MHC) (A*0201)

Keywords inter-clade comparisons, computational epi-
tope prediction, vaccine-specific epitope char-
acteristics, escape

References |Schonbach ez al.l2002

» Computational methods (artificial neural networks [ANN], hid-
den Markov models [HMM], binding matrices based on HLA
association rates BIMAS) were used to identify HLA-A*0201
and HLA-B*3501 HIV T-cell epitope candidates from 533 Gag,
Env and Pol sequences of which 374 were derived from HIV-1,
97 were derived from HIV-2 and 62 from SIV. Comparisons to
known epitopes and between clades were made.
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e The SLYNTVATL epitope received focused discussion.
SLYNTVATL, slFntvatl, slyntvaVl, and slyntlaV1 are all recog-
nized variants, ANN predicts all four variants would be recog-
nized, while BIMAS only predicts SLYNTVATL and slFntvatl
would be recognized. However, Sewell et al.|[1997] suggested
certain substitutions may be antagonistic, including slFntvatl,
and vaccines do not stimulate SLYNTVATL responses as well
as natural infections. The authors note these kinds of issues
complicate the application of computational predictions of epi-
topes to vaccine design.

HXB2 Location p17 (77-85)
Author Location Gag (76-84)
Epitope SLYNTVATL
Subtype B
Immunogen Vaccine
Vector/Type: DNA  HIV component: HIV-1
Species (MHC) mouse (A*0201)
Keywords epitope processing, vaccine-specific epitope
characteristics, immunodominance
References |Singh et al.[2002; |Sykes & Johnston|1999
C3H (H-2k) transgenic mice carrying a fused HLA-A*0201
alphal and alpha2 and H-2Dk alpha3 hybrid class I molecule
were immunized using an epidermal gene gun with an ubiqui-
tin expression library of 32 plasmids that spanned the HIV-1
genome. Ubiquitin targets the expressed HIV-1 peptides to the
proteasome.
A single immunization with the UB-HIV-1 library vaccine
induced potent, stable and multivalent CTL responses against
all library members.
Immunodominant epitopes SLYNTVATL (Gag), ILKEPVHGV
(Pol), RIQRGPGRAFVTIGK (Env) and AFHHVAREK (Nef)
elicited strong CD8+/IFN- responses and stimulated CTL that
were functional in a Cr-release assay and against wild type
antigen.
The presence of multiple plasmids HLA-A*0201-restricted
CTL epitopes did not decrease CTL immunogenicity, and CTL
responses to single peptide immunizations were comparable to
responses based on mixtures of either 16 or 32 peptides.

HXB2 Location pl7 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A0202/2501, B1801/62, C10/1203, DRBI
1501, DQBI1 8
Keywords rate of progression, Th1, Th2
References [Imami ez al./2002b
70 patients with chronic disease progression, 10 clinical non-
progressors, and 3 immunologically discordant progressors
(individuals who controlled viremia but had progressive CD4+
T-cell decline) were analyzed for their T-helper cell responses
to p24 and cytokine profile. Long term non-progressors had
much stronger Th responses, particularly to p24 peptides, and
they tended to be balanced between Thl, IL-2 producing and
Th2, IL-4 producing responses.

HIV Molecular Immunology 2005

HIV CTL Epitope Tables

* One of the immunologically discordant progressors became

symptomatic during the course of the study, and he had a rapid
drop in proliferative response to all antigens and also a shift
from a Th1 to a Th2 response. To find out if the CD8 response
also shifted in cytokine production, the CD8+ T-cell response to
SLYNTVATL in this patient was also tested. It too was found to
shift, from IFNgamma to IL-4 producing in Elispot, and using
a bioassay of indicator lines, from IL-2 to IL-4 production.

HXB2 Location p17 (77-85)

Author Location pl17 (77-85)

Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, All1, B51, B61, Cw2, Cwl4
Assay type CD8 T-cell Elispot - IFNy
Keywords binding affinity, acute infection, early-
expressed proteins
References [Cao et al.[2003

* CTL epitope responses were mapped in 21 men within 15-92
days post-HIV-1 infection. Subjects initially showed narrow
immune responses with a mean of 2.3 epitopes recognized per
patient. The immune response broadened later in infection. No
correlation between the plasma viral load and the number of
recognized epitopes or the frequency of IFN-gamma secret-
ing cells was observed, and there was no correlation between
the functional avidity of responses and the abundance of IFN-
secreting cells that recognized the epitope. The first epitopes
to be recognized tended not to be the most avid, and earliest
responses tended to be directed against Nef, Tat, Vpr, and Env.
Only 1/10 HLA A*02 carrying individuals in this study recog-
nized SLYNTVATL.
All HIV-1 proteins except Vpu were recognized, and responses
to a total of 41 optimal epitopes were characterized; 24 had
been identified previously. 48% of the total T-cell responses
were directed against Nef and 43% were directed against Gag.
More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3, B35,
B57, and B62 were more frequently recognized than A1, A2,
A30, and A44.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)

Assay type cytokine production, proliferation, Tetra-
mer binding, Intracellular cytokine staining,
Chromium-release assay

References |[Dagarag et al.|2003

* Telomer length is short in the CD8+ T-cell compartment of
HIV-1 infected people, indicating excessive CTL activation and
premature senescense. Here human telomerase RT (hTERT)
transduction of HIV-1-specific CTL was used to study the func-
tional impact of telomerase. Telomerase expression enhanced
proliferative capacity, as well as cytolytic and antiviral capabil-
ities; cytokine production was unchanged. hTERT transduced
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CTLs were 10-fold more efficient in controlling HIV-1 replica-
tion in culture. Thus telomerase transduction can restore CTL
mediated cytolysis, and may have therapeutic potential.

* Three polyclonal CD8+ T-cell lines derived from an HIV-1,
HLA A*0201 positive patient were used in this study, including
one specific for this epitope.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen Vaccine
Vector/Type: peptide HIV component: p24
Gag
Species (MHC) mouse (A*0201)
Donor MHC A2.1
Assay type cytokine production, Chromium-release assay
Keywords binding affinity, vaccine-induced epitopes
References |Okazaki et al.[2003
¢ Alanine substitutions of VIYQYMDDL were tested for im-
portance of each amino acid for HLA-A2.1 binding. Peptide
variant (vLyqymddV) showed an 8 fold higher MHC binding
affinity than wild type. YLyqymddV had an even higher bind-
ing affinity, but the Y at position one blocked TCR recognition.
The higher affinity form of vLyqymddV induced CTL in vivo
that could protect against a vaccinia virus expressing RT and
the wild type epitope.
¢ SLYNTVATL was included as a control.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type Tetramer binding
Keywords genital and mucosal immunity
References [Shacklett et al.l2003

* Lymphocytes from rectal biopsies were used to characterize
the CD8+ T cell response to HIV in GALT, Gut-associated lym-
phoid tissues. Patients were selected on the basis of being HLA-
A2+ and having detectable SLYNTVATL and ILKEPVHGV
tetramer responses in PBMC. SLYNTVATL frequency was
increased in GALT relative to PBMC in 6/7 patients studied,
while a control response to a CMV-peptide was diminished
in GALT. Only two patients had ILKEPVHGV CD8+ T cell
responses, and both had slightly higher frequencies in GALT
than PBMC.
HIV may perturb lymphocyte retention in GALT, suggested by
an overall reduction of GALT CD8+ cells expressing alphaE-
beta7. GALT HIV-specific CD8+ T cells expressed alphaE-
beta7, suggesting mucosal priming.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
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Country United States.
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding,
T-cell Elispot, Intracellular cytokine staining,
Flow cytometric CTL assay
Keywords epitope processing, escape, variant Cross-
recognition or cross-neutralization
References Jamieson et al.[2003
» Epitope escape mutations in chronically infected individuals
developed over several years indicating selective advantage of
escape mutants. The maturation state of CTLs appear to affect
the rate of epitope mutation and CTL decay.
In two patients, SL9-specific CTL peaked at 2-4 years post-
infection; at that point the escape mutations began to dominate
followed by CTL decline with a 6 month lag, suggesting CTL
decline resulted as a consequence of escape. In a third patient,
the initial response was 1/2 as strong and mutations did not
arise until 6-7 years post-infection; in that case the decline in
SL9 CTL preceded epitope mutation.
Two patients HLA-A*0201 started out with a non-consensus se-
quence, slFntvatl. In one of the patients, a transient reversion to
the consensus was observed after 4 years, that did not reappear
until the 11th year, suggesting the possibility that a reversion
to the consensus form occurred, but a CTL response may have
limited it so that this more fit form could not re-assert itself
until the patient had a more severely compromised immune
response.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Country United States.

Assay type cytokine production, Tetramer binding, Intra-
cellular cytokine staining, Chromium-release
assay, Flow cytometric CTL assay

Keywords epitope processing, rate of progression, im-
munodominance, acute infection, dendritic
cells, TCR usage, memory cells

References |[Kan-Mitchell ez al.[2004

» SL9-specific CTLs were shown to be primed by immature DCs
and independent of help from CD4+ or exogenous IL2, and
sensitive to paracrine IL-2 induced apoptosis. The authors
suggest that the reason SL9 responses are not seen during acute
infection is the high level of innate immune responses resulting
in cytokine-induced apoptosis, but that these CD8+ T-cells
would come to dominate later infection when CD4 help is
diminished.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A0201/2402, B52/75, Cw3; A0201/31,
B27/5101, Cw2; A0207/2402, B46/52, Cw1
Country Japan.
Assay type Chromium-release assay
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Keywords epitope processing, escape
References [Yokomaku ez al.[2004

» Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exogenously
loaded onto the cells. Escape is thus probably due to changes
that occur during the processing and the presentation of epi-
topes in infected cells.

* Endogenously expressed wild type epitope and slyntlatl vari-
ants were recognized by CTL clones while slynLvatl, slFntvaVl
and sVyntvatl variants were not. sVyntvatl and slFntvaV1 vari-
ants were, however, recognized when added exogenously to
the cells.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen Vaccine
Vector/Type: canarypox prime with gp120
boost, vaccinia prime DNA boost Strain:
B clade LAI, B clade MN  HIV component:
Gag, gp120, gp41, Protease Adjuvant: GM-
CSF
Species (MHC) human (A*0201)

Assay type cytokine production, CD8 T-cell Elispot -
IFNY, Tetramer binding, Chromium-release
assay, Flow cytometric CTL assay

Keywords vaccine-specific epitope characteristics, im-
munodominance, characterizing CD8+ T cell
responses

References |Ferrari et al.|2004

e Thirteen HLA-A*0201 vaccines with anti-Gag CD8+ CTL
reactivities were tested in uninfected HIV vaccine recipients to
examine the pattern of SL9 epitope immunodominance. None
of the vaccines had a detectable anti-SL9 response, in contrast
to 75% of HLA A*0201 chronically infected HIV+ individuals
that respond to this epitope.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, rate of progression, escape, acute in-
fection
References |Goulder & Watkins|2004
* This paper is a review of the role of CTL in HIV infection, and
it uses SL9 as an example of an epitope that is not responded
to early in infection, yet 75% of HIV+ people respond to SL9
during chronic infection. Despite the delay in response, strong
SLO responses have been associated with lower viral loads, and
escape mutations arise.

HXB2 Location p17 (77-85)
Author Location (C consensus)
Epitope SLYNTVATL
Subtype C
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Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.

» This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0202)
Keywords optimal epitope
References |Frahm et al.[2004
* C. Brander notes that this epitope can be presented by A*0201
and A*0202.
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HXB2 Location p17 (77-85)
Author Location p17 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0202)
Keywords inter-clade comparisons, immunodominance
References |Goulder ez al.|2000a

* The CTL-dominant response was focused on this epitope in
11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0205)
Keywords optimal epitope
References [Frahm ez al.|2004
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 C. Brander notes that this epitope can be presented by A*0201
and A*0202.

HXB2 Location pl17 (77-85)
Author Location pl7 (subtype A)
Epitope SLYNTVATL
Subtype A
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A*0214, A*0201)
References |[Kaul ez a/./2000
¢ 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T cell responses.
Low risk individuals did not have such CD8+ cells.
CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCF (4 individuals) were most commonly recognized by
the HIV-resistant women.
The epitope variants SLYNTVATL and SLENTVATL were
both recognized.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen Vaccine
Vector/Type: vaccinia
Species (MHC) human (A2)
References |Woodberry ef al.|1999

* A polyepitope vaccine was generated in a vaccinia construct
that contiguously encoded seven epitopes, all presented by
HLA A-2.
HHD mice have a transgene of HLA A2 linked to the trans-
membrane and cytotoxic domains of H-2DY — this transgene is
the only MHC molecule expressed in the mice.
CTL responses to Gag (77-85) SLYNTVATL, Pol (476-484)
ILKEPVHGY, gp120 (120-128) KLTPLCVTL, and Nef (190-
198) AFHHVAREL were observed in HIV polytope HHD-
vaccinated mice, and these responses were enhanced with vac-
cinia boost.
No CTL immune responses were generated against HLA A2-
restricted HIV epitopes Nef 157-166 (PLTFGWCYKL), Pol
346-354 (VIYQYMDDL), and Nef 180-189 (VLEWREFD-
SRL).
Sixteen HLA A2+ patients were tested for their ability to make
CTL responses by peptide restimulation in culture with the
epitopes selected for inclusion in the polytope — one individual
recognized all seven of these epitopes; 7 patients had CTL
cultures able to recognize at least one of the epitopes, and 6 of
those 7 recognized more than one epitope, but they were not
able to test all peptides for all patients; many patients only had
three peptides tested.
SLYNTVATL was recognized by 5/16 HLA-A?2 patients.

HXB2 Location pl17 (77-85)

Author Location p17 (77-85)

Epitope SLYNTVATL
Immunogen Vaccine
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Vector/Type: canarypox Strain: B clade
LAI, B clade MN HIV component: Gag,
gp120, gp41, Protease
Species (MHC) human (A2)
Keywords immunodominance
References |Carruth et al.[l1999
* The vaccine used was a live recombinant canarypox (CP) virus
vaccine containing multiple HIV-1 genes (HIV-1 MN gp120,
HIV-1 LAI gp41, HIV-1 LAI Gag, HIV-1 LAI protease).
CD4+ and CD8+ Gag and Env specific CTL responses were
detected in only 1/5 vaccinated volunteers, and were not detect-
able 1 year after vaccination.
CTL responses to epitopes SLYNTVATL and TVYYGVPVWK
from HIV+ control patients were used as positive controls.
The study explored why vaccinees were non-responsive — non-
response was not due to inherent defects or differences in the
ability of these individuals to process and present antigen.
Lack of response to SLYNTVATL led the authors to speculate
that the immunodominance of this epitope in natural infections
may not be recapitulated by vaccine antigen.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Birk et all1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Callan ez al.|1998
* Included as a negative control in a tetramer study of A2-EBV
CTL response.

HXB2 Location pl7 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References Wagner et al.|1998a
» CTL specific for HIV epitopes were used to show that the
mediators of both the cytolytic (granzyme A was used as the
marker) and non-cytolytic (HIV-1 inhibitory chemokines MIP-
1 oo and RANTES were used as markers) anti-viral responses
are localized within the CTL’s cytotoxic granules.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Collins ef al.l|[1998
* Two CTL clones recognize this epitope, but not the NL4-3
form of the epitope SLYNTIAVL.
¢ Nef down-regulates MHC class I molecules, which inhibits
CTL killing, and this down-regulation can be partially compen-
sated for by adding excess soluble peptide.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords inter-clade comparisons
References |Durali et al.|1998
* Cross-clade CTL response was studied by determining the CTL
activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from
a person living in France originally from Togo, to different
antigens expressed in vaccinia.
Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype,
and HIV-2 Pol was not tested.
Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with
HIV-2 Gag.
Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B
subtype, none with HIV-2 Nef.
Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype,
none with HIV-2 Env.
Patient B18 had the greatest breadth and diversity of response,
and recognized Gag SLYNTVATL and Nef PLTFGWCFKL.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords dendritic cells
References [Kundu ez al.ll1998b

Allogeneic dendritic cells (DCs) were obtained from HLA-
identical siblings, pulsed with rgp160 MN or A2-restricted
HIV-1 epitope peptides, and infused monthly into six HIV-
infected patients.

1/6 showed increased env-specific CTL and increased lympho-
proliferative responses, 2/6 showed increase only in prolifera-
tive responses, and 3/6 showed no change — pulsed DCs were
well tolerated.

SLYNTVATL is a conserved HLA-A?2 epitope included in this
study — 3/6 patients had this sequence as their HIV direct
sequence, one had the form SLYNTVAVL and all four of these
had a detectable CTL response — the other two had either the
sequence SLFSAVAVL or SLFSAVAAL and no detectable CTL
response.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 I1IB)
Epitope SLYNTVATL
Epitope name SL9
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Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Sipsas et al.[|1997

» HIV IIIB proteins were used to define the range of CTL epi-
topes recognized by 3 lab workers accidentally infected with
HIV-1 1IIB.

* SLYNTVAVL, a variant found in HIV-1 MANC, was also rec-
ognized.

 SLFNTVAVL, a variant found in HIV-1 NY5CG, was also
recognized.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords inter-clade comparisons, HIV exposed persis-
tently seronegative (HEPS)
References |Rowland-Jones et al.l|1998a
* A CTL response was found in exposed but uninfected prosti-
tutes from Nairobi using previously-defined B clade epitopes
that tended to be conserved in A and D clades — such cross-
reactivity could protect against both A and D and confer pro-
tection in Nairobi where both subtypes are circulating.
* The A subtype consensus is SLfNtvatL.
* The D subtype consensus is SLYNTvATL.

HXB2 Location pl7 (77-85)

Author Location pl7

Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords binding affinity
References [Sewell e al.l|[1997

* Naturally occurring variants of this epitope escaped killing and
acted as antagonists.

* The following variants were found in HIV-1 infected patients
who mounted a strong response against this epitope: -F——,
-F—V,-$— SF—, L— —I— — -V, -F-I—,
—F-1-V-, -F-A—-

* All variants bound to A2 with at least half the affinity of
SLYNTVATL except the triple mutant: —-F-I-V-

» Antagonism could be observed at low concentrations, abrogat-
ing lysis at an antagonist:agonist ratio of 1:10 — the antagonism
was observed in one SLYNTVATL-specific CTL line but not
another.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords kinetics
References |Yang et al.|1997b
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¢ A chimeric universal T cell receptor was created by linking
CD4 or an HIV-specific anti-gp41 Ig sequence to the signaling
domain of the T cell receptor chain {, and transduced into
CD8+ cells.

» The response using universal-receptor-bearing CD8+ cells to
lyse infected cells in vitro was comparable to the natural occur-
ring responses of CTL-clones from HIV+ individuals in terms
of kinetics and efficiency.

* A CTL clone specific for this epitope was used for the compar-
ison.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References |Stuhler & Schlossmanl[1997
» Keyhole limpit hemocyanin or tetanus toxoid Th epitope co-
expression with peptide CTL epitopes on the same APC was
required for induction of peptide-specific CTL.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Yang et al.|[1996
e CD4+ cell lines acutely infected with HIV were studied to
determine their susceptibility to lysis by CTL.
* Clones specific for RT lysed HIV-1 infected cells at lower levels
than Env or Gag specific clones.
» The distinction was thought to be due to lower expression of
RT relative to Env and Gag.
* CTL can lyse infected cells early after infection, possibly prior
to viral production.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CTL suppression of replication
References Yang et al.[1997a
* CTL inhibit HIV-1 replication at effector cell concentrations
comparable to those found in vivo.
¢ CTL produced HIV-1-suppressive soluble factors — MIP-1c,
MIP-18, RANTES, after antigen-specific activation.
e CTL suppress HIV replication more efficiently in HLA-
matched cells.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
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References |Parker et al.|1992; Parker et al.|1994
» Examined in the context of motifs important for HLA-A2 bind-
ing.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords review
References [McMichael & Walker|1994
* Review of HIV CTL epitopes.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Tsomides et al.||[1994
* CTL clones recognize naturally processed peptide.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References [Stuhler & Schlossman|[1997
* A three cell-type cluster consisting of APCs, Th, and CTLs
is the minimal regulatory unit required for Th cell-dependent
induction of CTLs.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords inter-clade comparisons
References (Cao et al.|1997a
* The consensus peptides of B and D clade viruses and some Cs
have the sequence SLYNTVATL.
* The consensus peptide of A, and some C strains have SLENT-
VATL, a form that is cross-reactive.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Dyer et al.|[1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of HI'V-1
which was Nef-defective.
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* Some of these patients had prolonged high levels of CTL effec-
tor and memory cells despite low viral load.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords escape
References [Harrer ez al.|1998

* Two overlapping epitopes were recognized in a long-term
survivor, restricted by two different HLA molecules, HLA-
A11(TLYCVHQR) and -A2 (SLYNTVATL)

* Viral sequence substitutions were present in this individual
which did not affect viral replication and did not alter CTL-
recognition of the A2 epitope, but reduced recognition of the
A1l epitope, indicative of immune escape.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords acute infection
References |Altfeld et al.j2001a

The relative contribution of CTL responses against HIV-1 Vpr,
Vpu, and Vif were analyzed in multiple HI'V-1-infected indi-
viduals.

Individuals with long-term nonprogressive and treated chronic
HIV-1 infection targeted Vpr more frequently than individuals
with treated acute infection.

Vpr is a frequent target of HIV-1 specific CD8+ T-cells — a
response was detected in 45% of individuals tested and Vpr
and p17 were the most preferentially targeted proteins per unit
length by CD8+ T-cells.

The A2 epitopes Vpr AIIRLLQQL and p17 SLYNTVATL do
not account for the dominance of Vpr and p17, the result holds
even when HLA-A2+ individuals are excluded.

HXB2 Location p17 (77-85)

Author Location pl17 (BRU)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
Keywords epitope processing, dendritic cells
References Buseyne et al.[2001

Exogenous presentation or cross-presentation of epitopes by
antigen presenting cells (APC) without protein synthesis is an
alternative pathway for CTL epitope processing that may be
important in the initial generation of viral specific CTL.
Dendritic cells treated with AZT to inhibit protein synthesis
were able to elicit a strong specific CTL response in SLYNT-
VATL specific CTL line EM71-1 without protein synthesis,
while macrophages demonstrated a decreased presentation effi-
ciency.

Exogenous Gag epitope presentation was Env-dependent and
required receptor-dependent fusion.
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HXB2 Location p17 (77-85)

Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Kostense et al.[2001

* HLA tetramers to six epitopes were used to study HLA-A2, B8
and B57 CTL in 54 patients — HIV-specific tetramer positive
cells were inversely correlated with viral load in patients with
high CD4, but in patients with CD4 T-cells below 400 high
tetramer frequencies were found despite high viral load.
Most patients have high levels of HIV-specific T-cell expan-
sions, but many of these cells aren’t functional.
In 15 of the patients, the proportion of IFN gamma producing
tetramer cells correlated with AIDS-free survival.
In one patient with a SLYNTVATL response, no SLYNTVATL
mutations were found among 21 clones despite high viral load
(260,000 RNA copies/ml serum), suggesting low in vivo effi-
cacy of the SLYNTVATL response.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Ferrari et al.|2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (77-85)

Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, immunodominance
References [Seth et al.|2001

* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.
6/10 A*0201+ individuals had HIV-specific tetramer staining
cells, and 5 of these declined upon successful therapy.
4/10 A*0201+ individuals with chronic HIV-1 infection recog-
nized this epitope.
Prior to therapy, the mean percentage of CD8+ cells that
recognized the immunodominant epitope SLYNTVATL was
six-fold greater than the percentage recognizing the epitope
ILKEPVHGV.

HXB2 Location pl7 (77-85)

Author Location p17 (77-85)

Epitope SLYNTVATL

Epitope name SL9

Immunogen HIV-1 infection

Species (MHC) human (A2)

Keywords HAART, ART, TCR usage

References [[slam ef al/2001
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* Transcript frequencies were followed for four CTL clones from
patient 115, with a chronic and stable HIV-1 infection, and
tracked in a longitudinal study of samples collected 6-11 years
post infection: clone M21 and E15 recognize ERYLKDQQL,
and clone D87 recognizes variant ERYLQDQQL, and clone
p175b recognizes the A2 epitope SLYNTVATL.

This epitope sequence from clone p175b uses the V35, CDR3

(FDS), J32.7 TCR beta gene.

* Responses were stable even through HAART with undetectable
viral loads, but frequencies varied over time by 100-fold, rang-
ing from 0.012% of the total population for SLYNTVATL at its
lowest point to 3.78% for M21, with the relative frequencies of
clones shifting over time.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, acute infection
References |Altfeld et al.[2001b

Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-A2+ individuals that had a CTL response to
this epitope broken down by group: 1/10 group 1, 2/6 group 2,
and 2/4 group 3.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLFNTVATL
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A2)

Keywords inter-clade comparisons, HIV exposed per-
sistently seronegative (HEPS), immunodomi-
nance

References |[Kaul ez a/.J2001a’

¢ Variants SL(F/Y)NTVATL are A/B clade specific.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

* Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
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* 43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.

Among HLA-A2 women, 1/10 HEPS and 22/26 HIV-1 infected
women recognized this epitope, likelihood ratio 18.3, p value
< 0.003, and ILK(D/E)PVHGYV tended to be more reactive in
HEPS women, SL(F/Y)NTVATL in infected women.

The dominant response to this HLA allele was to this epitope
in the 1/10 HEPS case and in 18 of the 22/26 HIV-1 infected
women that responded.

Differences in epitope specificity were only seen for responses
restricted by class I HLA alleles A2, A24, A*6802, B14, and
B18, previously shown to be associated with resistance to
HIV-1 in this cohort.

Subject ML 1250 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, which switched to SL(F/Y)NTVATL
post-seroconversion.

Subjects ML 1575 and ML 1592 had no response to
SL(F/Y)NTVATL prior to seroconversion, but made responses
post-seroconversion.

Subject ML 1760 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, and gained responses to epitopes
A2 SL(F/Y)NTVATL and B27 KRWII(L/M)GLNK post-
seroconversion.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 93TH253 subtype CRFO1)
Epitope SLYNTIATL
Epitope name G77-85
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HIV exposed persistently seronegative
(HEPS)
References |Sriwanthana et al.|2001
* This was a study of HIV-1 exposed persistently seronegative
(HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched
among the HEPS sexworkers — weak CTL responses were
detected in 4/7 HEPS women, and CTL responses were found
in 8/8 HIV positive controls, and 0/9 HIV negative women that
were not exposed.
* This epitope was reactive in HIV+ control study subjects 125
and 144 who carried HLA-A2.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 93TH253 subtype CRF01)
Epitope SLYNTIATL
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords inter-clade comparisons
References [Bond et all2001
e More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this study
concentrated on A1l epitopes in this group, although E clade
versions of previously defined B-clade A2 and A24 epitopes
were also tested.
* 2/4 tested FSWs recognized the E clade version of this epitope,
SLYNTIATL, the B clade version is SLYNTVATL.
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* This epitope was only conserved in CRF01 and subtypes B and
D, and exact matches were uncommon.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords rate of progression, acute infection
References Day et al.|2001

The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP)

2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.

SLYNTVATL was the dominant A2 epitope recognized in pa-
tients with chronic infection, except for Subject 11841 who
recognized 5/8 epitopes.

Three subjects had an A2 response only to SLYNTVATL.

The two subjects with acute infection did not respond to
SLYNTVATL.

.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords mother-to-infant transmission, escape
References |Goulder et al.|2001c
* Immune escape variants in this epitope where transmitted both
horizontally and vertically in two families.
 Fight transmitting mothers and 14 non-transmitting mothers
were studied and variation within the SL9 epitope was associ-
ated carrying HLA-A?2 (P=0.04), but no link between variation
from the SL9 consensus and vertical transmission was estab-
lished.

HXB2 Location pl17 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Altfeld et al.[2000
 This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
» The response to the peptide was CDS8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location pl17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name Gag-SL9
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A2)
References |Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA A02, 17/30 (57%)
recognized this epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, epitope processing, immun-
odominance
References |Kelleher ez al.[2001a
* Ritonavir (RTV) inhibits chymotryptic activity in the 20S pro-
teasome in vitro, as does Saquinavir (SQV) to a lesser extent;
Indinavir (IDV) does not. Thus there is concern protease in-
hibitors may adversely effect CTL epitope processing, but this
paper indicates that processing is not inhibited at therapeuti-
cally relevant concentrations of RTV when the proteasome is
functioning in an intracellular context.
RTV did not reduce antigen presentation and concentration of
the two immunodominant Gag CTL epitopes (KRWIIMGLNK
(B27) and SLYNTVATL (A2)).
RTV did not inhibit the processing and assembly of HLA-B35
or -A2, which are assembled with a rapid and moderate time
course, respectively, or of HLA-A3, -B27 and -B39.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul e al./2002
* Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 NL43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef
References |Yang et al.|2002
* Nef down-modulates class I protein expression, and this study
demonstrates directly that Nef-deleted HIV-1 NL-43 can be
more effectively killed in vitro than NL-43 with an intact Nef.
The effect was shown to be specific for class I presentation
of epitopes, and unlike Nef, deleting Vpr did not alter CTL
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susceptibility of NL-43. The CTL clone 18030D23, specific
for the class I A2 presented SLYNTVATL epitope, was one of
four used in this study.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 BRU)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords epitope processing
References |Cohen et al.|2002

The antigen presentation of two A2-restricted epitopes was
compared, SLYNTVATL (p17) and ILKEPVHGV (RT). HIV-1
infected cells were more sensitive to lysis by SLYNTVATL-
specific CTL than by ILKEPVHGV-specific CTL, because of a
higher density of SLYNTVATL-A2 resulting from differences
in processing.

Incubation with a T1-cell proteolytic extract showed that by
four hours, 25% of a p17 peptide had a C-term Leu-85 and were
SLYNTVATL-precursors, while ILKEPVHGV-precursors were
far less frequent (6.8%) even with four times more proteolytic
extract after 30 hours.

p17 was preferentially cleaved between Leu85 and Tyr86, while
appropriate Val484 and Tyr485 cleavage was minor for RT.

In a competition experiment, RSLYNTVATL bound TAP 3.7-
fold more efficiently than RT peptides.

No difference in CTL avidity was detected in six patients with
HLA-A2-restricted responses to these epitopes.

No significant difference in HLA-A2 binding to p17 or RT
epitopes was observed.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen Vaccine
Strain: B clade IIIB  HIV component: Gag,
Pol Adjuvant: 1L-12
Species (MHC) mouse (A2)
References [Kmieciak ef al.[2001
* Transgenic mice expressing a HLA-A2/Kb chimeric protein
were vaccinated with either a p17-p24-p51 fusion protein
(vG/P-92) or the Gag-Pol precursor protein (vVKI).
¢ Compared to vVK1, vG/P-92 induced a significant increase
in Gag and Pol induced IFNgamma production and CTL re-
sponses, and to the epitopes SLYNTVATL and ILKEPVHGYV,
as determined by Elispot and 51Cr-release assays.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A3, B7, Bw6
Keywords HAART, ART
References |Appay et al.|2002
* Four HIV patients with prolonged clinically successful anti-
viral therapy but with ongoing evidence of replication and
Nef mRNA transcription, showed specific T-cell responses by
Elispot and Tetramer staining, maintained for 2-4 years after
initiation of HAART.
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* Nef epitope recognition was detected in all 4 subjects, gp120,
Pol and Gag-specific in 1 or 2 subjects.

* The HIV-specific CD8+ T-cells had an intermediate maturation
phenotype characterized by low levels of perforin and high
levels of CD27 expression.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 NL-43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef, escape
References |Ali et al.[2003

* NL43 was passaged in the presence of Nef KEKGGLEGL-
specific CTL clones STD11 and KM3, giving rise to rapid selec-
tion of escape mutations, including E93G, E93K, K94N+G99R,
GI95R+G99R, E98K, E98D, G99R, G99E, L100P, and L100I;
insertions, deletions, frameshifts and an early stop codon. 34/36
(94%) of sequences carried mutations in the epitope by seven
days, 36/36 (100%) by 14 days.
Several mutations selected by KEKGGLEGL-specific CTL
were shown to impair the down regulation of class | MHC by
Nef, in particular E93G, E93K, and a truncation mutation at
position 51.
Nef deletion mutants increased 100-fold NL-43 susceptibility
to inhibition by CTL specific for epitopes in other proteins,
the A2 epitopes ILKEPVHGYV in RT and SLYNTVATL in p17
Gag.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay, Flow cytometric
CTL assay
Keywords class I down-regulation by Nef
References |Bobbitt e al.|2003
Nef, through Nef-mediated MHC-1 down-regulation, is not
the only viral protein to influence levels of HIV-specific CTL
recognition. The Rev L60F mutation, a common natural variant,
can decrease CTL recognition of late gene products. The Rev
mutation impacts the early to late gene switch, reducing late
gene product production (Gag, Pol, Env, Vpu, Vpr and Vif),
while increasing Nef production, both of which reduce the
impact CTL recognition of late gene products. As expected,
Rev L60F rendered HIV infected cells more resistant to CTL
that recognized epitopes from the late proteins Env and Gag.
Gag expression is reduced more than Env, and Gag-specific
CTL were more profoundly affected. Conversely CTL against
an epitope in an early gene product, Tat, were more effeciently
recognized when infected with viruses carrying the Rev L60F
mutation.
Patients in the asymptomic phase with active immune responses
had more CTL resistant viruses, with lower Rev activity, lower
Gag expression and greater resistance to Gag-specific CTL
killing, while viruses isolated from people with AIDS were
more sensitive to CTL killing.
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HXB2 Location p17 (77-85)
Author Location Gag (77-)
Epitope SLYNTVATL
Epitope name Gag77
Immunogen HIV-1 infection, Vaccine
Vector/Type: peptide HIV component: Gag
Adjuvant: Incomplete Freund’s Adjuvant
(IFA)
Species (MHC) human, transgenic mouse (A2)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric CTL assay
Keywords binding affinity, inter-clade comparisons,
computational epitope prediction
References [Corbet ez al.|2003
¢ HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.
» This epitope was one of the previously identified HLA-A2
epitopes studied.
* 10/17 HIV-infected HLA-A2+ people in this study recognized
this epitope, and CTL and CD8+ T cells responses were elicted
by immunization of transgenic mice with this peptide.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Intracellular cytokine staining
Keywords immunodominance, genital and mucosal im-
munity
References |[Kaul et al.|2003
Predefined immunodominant peptide responses were used to
compare CD8+ T-cell responses in the blood and cervix of 16
HIV+ Kenyan sex workers. Cervical responses were detected
in 8/10 women from whom adequate samples could be obtained.
The frequency of the CD8+ T-cell response in the genital tract
was comparable to the blood, with a trend toward being slightly
higher.
The immunodominant response was to this epitope in the
PBMC of 1/16 patients (Kaul et al. 2001, AIDS, 107:1303).

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A24, B38, B60, Cw2, Cw12
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), early
treatment
References [Montefiori et alJ2003
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e HIV-1 + patient AC10 underwent early HAART treatment,
which was discontinued 1.5 years later. At this timepoint po-
tent NAD responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NAb re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTAVTL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CDS8 T-cell Elispot - [FNY, Tetramer binding,
Flow cytometric CTL assay
Keywords responses in children
References [Sandberg e? al.|2003
* 65 vertically HIV-1 infected children, ages 1-16, the major-
ity undergoing ART, were analyzed in regard to their plasma
viremia and CD4+ and CD8+ T-cell counts, and CD8+ T-cell
responses.
Using vaccina expressed Gag, Pol, Env, Rev, Nef in target cells
in an Elispot assay, 85% of the children recognized at least
one HIV antigen. Strong CD8+ T-cell responses were directed
against Pol, followed by Gag and Nef. Children younger than 4
had significantly weaker responses (7/14 had no reponse) than
older children (only 1/32 had no response, and responses were
greater in magnitude).
SLYNTVATL and ILKEPVHGYV tetramers were used to quan-
titate specific responses. 49 chlidren in an expanded cohort car-
ried HLA-A2. 1/11 children under 3 years of age had detectable
CD8+ T-cell responses to SLYNTVATL, 2/11 to ILKEPVHGV.
Among children over 3, 11/38 recognized SLYNTVATL and
9/38 recognized ILKEPVHGV.
Older children that maintained a CD4 count greater than 400
cells/ul tended to have stronger CTL reponses.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) (A2)
Donor MHC A2, A3, B27, B51; A2, A3, B27, B57; A2,
A23, B57
Assay type cytokine production, CD8 T-cell Elispot -
IFNY, Tetramer binding, Intracellular cyto-
kine staining
Keywords assay standardization/improvement, memory
cells
References [Sun ez al.|2003
* This study compares assay methods for testing CTL responses
using samples from 20 HIV+ patients. The study compares
ELISpot, tetramer-binding, and intracellular IFNy. Tetramer-
bidning analysis was performed with Gag (SLYNTVATL) or
Pol (ILKEPVHGYV) tetramers. Antigen presentation using re-
combinant vaccinia viruses (rVVs) encoding HIV-LAI Gag,
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Pol, Env, Nef, Tat and Vif proteins was compared to pep-
tide panels. HIV antigen recognition in memory CTLs was
measured by chromium release assay and compared to effec-
tor/memory CD8+ T-cells in an IFN-y ELISpot assay.

Results: IFNy Elispot and flow cytometry gave similar frequen-
cies of HIV specific CD8+ T-cells. Tetramer-binding analysis
was most sensitive. Pools of peptides and the sum of frequen-
cies of individual peptides were comparable. Elispot assays
using peptides were more sensitive than assays using vaccinia
expressed proteins. Cr release and Elispot against rVVs gave
comparable memory cell responses 2/3s of the time.

3/7 HLA-A2+ patients recognized this epitope.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 NL43)

Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay, CTL suppression of
replication

Keywords escape, TCR usage

References Yang et al.[2003a

e Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGY,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
Gag and RT epitope escape, if it occurred at all, tended to be
monoclonal and within the epitope, indicating strong fitness
constraints, while the Nef epitope escape was rapid, polyconal,
and sometimes the result of upstream frameshifts.

» Three CTL clones were studied that recognized SLYNTVATL,
161JxA14, 18030D23, and 115DEC4. The different TCR us-
age on the CTL clones resulted in different patterns of recog-
nition and escape. 161JxA14 suppressed the variant slFntvatl,
18030D23 did not; conversely the variants slfntlaV1 and slFntl-
atl were suppressed by 18030D23, but not 161JxA14.

» After two weeks of passage the predominant escape mutant
from 161JxA14 was slyntlatl. Amino acid residues flanking
SL9 were unchanged. Escape mutations did not occur within
two weeks for the two additional SL9-specific CTL clones
18030D23 and 115DECA4.

HXB2 Location p17 (77-85)
Author Location pl7 (43)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
Assay type CTL suppression of replication
Keywords class I down-regulation by Nef, early-
expressed proteins, kinetics
References |Ali ez al.[2004
« Translocation of the gag SLYNTVATL epitope into the early
expressed Nef protein resulted in increased antiviral efficiency
of SL9 specific CTLs in culture and the loss of MHC-I down-
regulation by Nef, indicating that both the timing of epitope
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expression and reduction of MHC-I affect the ability of CTLs
to supress HIV-1.

HXB2 Location p17 (77-85)

Author Location Gag (77-85 B con)

Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords variant ~ cross-recognition =~ or  cross-
neutralization

References |Draenert ez al.|2004c
* CD8+ T-cell responses that persisted in individuals with ad-
vanced disease were studied; most of the optimal epitopes
defined were recognized with intermediate to high avidity. On
average 13 (range, 2-39) epitopic regons were targeted in an
average of 6 proteins (range, 1-8). HAART resulted in decrease
in antigen and reduction in gamma IFN EliSpot responses, sug-
gesting active responses to autologous virus. Limited or no
mutations within most viral epitopes suggest that persistent
CTL through late disease do not exert strong immune selection
pressure, yet the Elispot assays show robust responses, suggest-
ing to the authors that gamma IFN based screening methods
may not reveal functional CD8+ T-cell impairment in patients
with AIDS.
Three subjects recognized this epitope, with high functional
avidity. Relative to consensus, two individuals that had the
SLYNTVATL epitope carried a R -> K mutation proximal to
but outside the epitope; possible processing implications were
not studied here.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Koning et al.[2004
* A high-risk seronegative group of 29 patients showed reduced
in vitro susceptibility for HIV infection and enhanced pro-
duction of RANTES compared to 15 men who went on to
seroconvert. Significantly higher frequencies of HLA A*11,
A*31 and Cw*15 were also found in the high risk seronega-
tive men. Both groups of men had low frequencies of HIV-1
specific CD8+ T-cells, which may signify exposure more than
protection from infection.
2/11 HLA A2+ infection-resistant men, compared to 7/9 men
pre-seroconversion who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
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Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* 14/19 patients recognized this epitope, it was the most com-
monly recognized of 9 HLA A*02 epitopes tested.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords binding affinity, TCR usage, characterizing
CD8+ T cell responses
References |Yang et al.|2003b
« Killing efficiency of CTLs and their ability to suppress viral
replication is shown to depend more on epitope specificity than
to antigenic avidity. Different clones recognizing the same
epitope had similar killing efficiency despite their variation in
avidity. Nef specific CTL clones tended to be most inhibitory,
followed by Gag, then by RT specific clones, regardless of
avidity.
¢ 3/14 CTL T-cell clones tested were specific for Gag/p17-SL9.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effector
capacity. Avidity was measured as the sensitizing dose of pep-
tide required for 50% of maximal killing (SD50), which varied
from 20 pg/ml to 100 ng/ml, over four orders of magnitude for
all 14 epitopes. The SD50 range for Gag/p17-SL9 was 1,000 -
20,000 pg/ml.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type cytokine production, proliferation, CD8 T-cell
Elispot - IFN7y, Tetramer binding, CD4 T-cell
Elispot - IFNY, Intracellular cytokine staining,
Flow cytometric CTL assay
Keywords HAART, ART, memory cells, characterizing
CD8+ T cell responses
References |Daniel et al.[2004
¢ CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
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expression of CD27, indicating incomplete differentiation and
loss of lytic function.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type proliferation, Tetramer binding, T-cell Elispot
Keywords acute infection, characterizing CD8+ T cell
responses, immune dysfunction
References |Lichterfeld ef al.2004a
* HIV-1 specific CD8+ T-cells in acute and long-term nonpro-
gressive HIV-1 infection show strong ex-vivo proliferative ca-
pacities which are rapidly lost in chronic HIV-1 infection. The
loss of CD8+ T-cell function is closely linked with the loss of
HIV-1 specific, IL2 secreting CD4+ T-cells. The function can
be rescued in vitro and in vivo by restoring the specific CD4+
T-cell help.
Despite being detectable at high frequencies, CD8+ T-cells
specific for SL9 epitope were shown to entirely lose their pro-
liferative capacity in chronic HIV-1 infection. This activity
could be restored by co-stimulation with CD4+ T cells isolated
from acute infection in an IL-2 dependent manner.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name gag 77-85
Subtype B
Immunogen HIV-1 infection, HIV-2 infection
Species (MHC) human (A2)
Country Gambia.
Assay type Tetramer binding, Intracellular cytokine stain-
ing
Keywords escape, TCR usage, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cell responses
References |Lopes et al.|2003
CD8+ T cells from HIV-2 infected patients had more polyclonal
TCR responses than HIV-1 infected patients, who tended to
have oligoclonal responses. This results in limited plasticity of
T cell responses to amino acid substitutions within epitopes in
HIV-1 infections. HIV-2-specific CD8+ T-cells showed a more
diverse TCR usage associated with enhanced CD8 expansion
and IFN-gamma production on cross-recognition of variant
epitopes.
Responses to this epitope were characterized in detail. One pa-
tient’s response to SL9 A2-SLYNTVATL tetramers was shown
to have only Vbeta5.1 clonotypes. The naturally occuring
HIV-2 variant: sIFntvCVI, was not recognized well by this
response or by the SLYNTVATL reactive CD8+ T cells in
four additional A2+ HIV infected asymptomatic individuals.
The subtype A variant, slFntvatl was also poorly recognized,
and 4/5 Ala substitutions abrogated responses. All variants
bound to HLA-A?2 with higher affinity than the index peptide
except slyntAatl, which was slightly reduced, so the lack of
cross-reactivity must have been due to the TCR.
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HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords assay standardization/improvement
References |Lubong ef al.|2004
Using IL7 or IL15 in culturing of HIV-1 specific CTL clones
was inferior to using IL-2 alone and the addition of these cy-
tokines to IL-2 did not show any advantage. Neither prolifer-
ation, survival or lytic capacity of HIV-1-specific CTLs was
significantly enhanced by addition of IL7 or IL15.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2)
Donor MHC A02, A30, B4402, B15
Assay type Tetramer binding, T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
References |Missale et al.|2004

* HIV-specific T-cell response was tested in HIV-uninfected pa-
tients exposed to blood from a patient with highly replicating
HIV; these same patients were nosocomially infected with HBV.
HIV-specific T-cell responses were directed to structural and
non-structural HIV proteins in two patients suggesting that the
virus replicated in these patients sufficiently to prime a cell-
mediated immune response that protected these individuals
from HIV infection.

e This patient responded to 4/8 HIV epitopes tested in an
IFNgamma EliSpot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure. No response to SLYNT-
VATL was detected by either assay.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United Kingdom.
Assay type Tetramer binding, T-cell Elispot, Intracellular
cytokine staining
Keywords rate of progression, acute infection, charac-
terizing CD8+ T cell responses, immune dys-
function
References Papagno ef al.[|2004
Acute HIV-1 infection induces massive activation of HIV-
specific and non-HIV-specific CD8+ T-cells resulting in differ-
entiation of these cells. High differentiation of CD8+ T-cells is
correlated with disease progression. Differentiation is a natural
process but it can be driven by elevated immune activation,
such as in HIV infection.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLFNTVATL

106

Gag p17 CTL, CD8+, epitopes

Epitope name SLF
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A02, A68.1, B0702/4/7, B3503, Cw0401,
Cw0702, DR17, DR15, DR51, DR52, DQ?2,
DQ6
Assay type CDS8 T-cell Elispot - IFNY, Tetramer binding,
CD4 T-cell Elispot - IFNy
Keywords rate of progression, immunodominance, es-
cape
References |Oxenius et al/2004b

* The increase in plasma viral load in a patient that progressed
rapidly was preceded by positive selection of viral escape mu-
tations in epitopes targeted by dominant HIV-1-specific CD8+
T-cell responses, and a decrease in HIV-1-specific CD4+ and
CD8+ T-cell frequencies. Overall, escape variant epitopes were
recognized 0-80% as efficiently as the index peptide, and the
relatively efficiency of the variant eptiopes increased using
PBLs collected after their appearance. No changes were found
in viral tropism, replication kinetics and neutralizing antibody
titers, so the rapid decline of the patient was attributed to loss
of HIV containment due to CTL escape.

* This epitope was one of six epitopes found to be under positive
selection for escape mutations and was completely replaced
by escape variants between days 327 and 635 (slYntvatl and
slYnAuvatl).

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2, A*0202)
Keywords inter-clade comparisons
References [Rowland-Jones et al.||1998b
HIV-specific CTL were found in exposed seronegative prosti-
tutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 expo-
sure is among the highest in the world.
Most isolated HIV strains are clade A in Nairobi, although
clades C and D are also found — B clade epitopes are often cross-
reactive, however stronger responses are frequently observed
using A or D clade versions of epitopes.
This epitope is conserved among B and D clade viruses.
The Clade A version of the epitope, SLENTVATL, was prefer-
entially recognized by CTL.
This epitope was recognized by two different exposed seroneg-
ative prostitutes.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name LR23
Subtype B
Immunogen Vaccine
Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant
(IFA), Montanide (ISA 720), P30, PLG
Species (MHC) mouse (A2.1)
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Keywords binding affinity, vaccine-specific epitope char-
acteristics, immunodominance
References |[Peter et al.[2001

 The stability of peptide binding to HLA-A2.1 was determined
for six HLA-A2.1 peptides included in this vaccine study
— ILKEPVHGV (RT), SLYNTVATL (p17), SLLNATDIAV
(gp41) and LLWKGEGAV (RT) all bound with high affinity
comparable to a influenza epitope reference (GILGFVFTL),
while RGPGRAFVTI and VIYQYMDDL bound with a lower
affinity (relative binding activity = 0.01).

 The four high-affinity peptides formed stable complexes with
half-lives ranging between 8 and 32 hours, while the low affin-
ity peptides had half lives of less than an hour.

* HLA-A2.1 transgenic mice were immunized with the six HIV-1
peptides and P30, as a universal T-helper epitope, with IFA or
Montanide or microspheres as adjuvants.

* All peptides except VIYQYMDDL induced a stong CTL re-
sponse in Cr-release assays - stronger responses were observed
when peptides were delivered alone, indicating immunodomi-
nance when the combination was used.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name LR23
Subtype B
Immunogen Vaccine

Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant

(IFA), IL-12, P30

Species (MHC) mouse (A2.1)

Keywords vaccine-specific epitope characteristics, im-

munodominance

References [Peter e al.[2002
* When HIV-1 peptides were used to vaccinate HLA-A2.1 trans-
genic A2-Kb mice, strong responses to five peptides were ob-
served when the peptides were given individually, but immun-
odominance limited the response to some of the peptides when
they were given in combination |Peter ez al.|[2001]. IL-12 can
counteract immunodominance in BALB/c mice, so it was given
with the multiple epitope vaccination, and was instead found to
specifically eliminate the HLA-A2.1-epitope CTL responses,
but not Kb CTL responses. This was possibly a consequence
of transient depletion of T-cells, B cells and macropahges in

the spleen.

HXB2 Location pl7 (77-86)
Author Location Gag
Epitope SLYNTVATLY
Epitope name 1261
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC AO01, A02, BOS, ?, Cwl16, ?; A02, A30, B35,
B49, Cw04, Cw07; A02, A03, B7, BS58,
Cw07; A02, A03, B0O8, B51, Cw01, Cw07
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion
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References \De Groot et al.|[2003

* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.

* Estimated binding probability for SLYNTVATLY: 78%

HXB2 Location p17 (78-86)
Author Location pl17
Epitope LYNTVATLY
Epitope name LY-9
Subtype C
Immunogen HIV-1 infection

Species (MHC) human (A*2902, B*4403)
Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords inter-clade comparisons, epitope processing,
immunodominance, cross-presentation by dif-
ferent HLA

References [Masemola et al.|2004b

* Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. Nine
specific epitopes within the most reactive regions were char-
acterized. This is one of five novel epitopes that were found
among subtype C HIV-1 from African patients that hadn’t pre-
viously been identified in B clade infections. Some epitopes
were shown to be promiscuous, presented by multiple class I
restricting alleles.

LYNTVATLY was presented by A*2902 and B*4403. B*44 is
more common among Caucasians than Zulus (allele frequency
0.149 versus 0.107), while A*29 is more common in Zulus
(0.045 versus 0.125).

HXB2 Location p17 (78-86)
Author Location (C consensus)
Epitope LYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A29)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References [Kiepiela ez al.[2004

* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.

* This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.
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HXB2 Location p17 (80-88)
Author Location Gag (80-)
Epitope NTVATLYCV
Epitope name Gag80
Immunogen HIV-1 infection, Vaccine
Vector/Type: peptide HIV component: p17
Gag Adjuvant: Incomplete Freund’s Adju-
vant (IFA)
Species (MHC) human, transgenic mouse (A2)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric CTL assay
Keywords binding affinity, inter-clade comparisons,
computational epitope prediction
References [Corbet ez al.|2003
¢ HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.
» This peptide was an intermediate A2 binder, and induced CTL
and CD8+ T-cell IFN gamma responses in mice. Responses
were detected in 1/17 HIV+ HLA-A2 subjects.

HXB2 Location p17 (82-91)
Author Location p17 (82-91 93TH253 subtype CRF01)
Epitope IATLWCVHQR
Epitope name G82-91
Subtype CRFO1_AE
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (Al1)
Keywords HIV exposed persistently seronegative
(HEPS)
References [Sriwanthana ez al.|[2001
» This was a study of HIV-1 exposed persistently seronegative
(HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched
among the HEPS sexworkers — weak CTL responses were
detected in 4/7 HEPS women, and CTL responses were found
in 8/8 HIV+ controls, and 0/9 HIV- women that were not
exposed.
 This epitope was weakly reactive in the HEPS study subject
265 who was HLA A2/A11.
» This epitope was strongly reactive in HIV+ study subject 053
who carried HLA-A11.

HXB2 Location pl17 (82-91)
Author Location p17 (82-91 93TH253 subtype CRF01)
Epitope IATLWCVHQR
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords inter-clade comparisons
References [Bond et al.l2001
* HLA-A11 CRFO1 (called subtype E in Bond et al.) epitopes
were identified that stimulated CTL from HIV+ female sex
workers (FSW) from Northern Thailand, of whom more than
half were HLA-A11 positive.
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» 77 possible HLA-A11 epitopes were first defined using Epi-
Matrix, these were screened for binding to A1l finding and 26
bound, and 12 of these were epitopes for CTL responses from 8
HLA-A11 positive FSWs, six were novel, six were previously
identified.

* This epitope was predicted by the EpiMatrix method to be
likely to bind to A11, and it served as an epitope in the FSWs,
it was one of the six Al1 epitopes that had been previously
defined.

* 3/8 tested FSWs recognized this epitope.

* This epitope was not conserved in other subtypes, and exact
matches were uncommon.

HXB2 Location p17 (84-91)
Author Location Gag (83-90)
Epitope TLYCVHQR
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*1101)
Keywords inter-clade comparisons, TCR usage
References |[Fukada et al.l[2002
* Counterparts for eight known clade B HLA A*1101 epitopes
were generated for clade E (CRFO1). Three epitopes, identical
among clade A-E, were cross-reactive and recognized by clade
E infected individuals. The clade E and B analogs to three
more HLA A*1101 epitopes was recognized in a clade specific
manner. Two other HLA A*1101 clade B defined epitopes were
found not to have stimulated a response in clade E infected
individuals.
TLYCVHQR was found to elicit clade-specific responses in
clade B (TLYCVHQR is most common, and is also common
in clade A — the variant tlycvhqK is common in clade B) and
clade E (t1lWcvhqgr is most common). TLYCVHQR was not
recognized by any CTL, tlycvhgK was recognized by CTL
from 1/5 B clade infected Japanese subjects, and t1Wcvhqr was
not recognized by CTL from infected Thai subjects, so this
seems to be a B clade exclusive epitope.
The binding of the variant peptides to HLA A*1101 was
comparable, but CTL that recognized tlycvhgK did not cross-
recognize the other forms, implicating TCR interaction differ-
ences.

HXB2 Location p17 (84-91)

Author Location pl17 (83-91)

Epitope TLYCVHQR
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords escape
References |Harrer ez al.[1998

* Two overlapping epitopes were recognized in a long-term
survivor, restricted by two different HLA molecules, HLA-
A11(TLYCVHQR) and HLA-A2 (SLYNTVATL)

* Viral sequence substitutions were present in this individual
which did not affect viral replication and did not alter CTL-
recognition of the A2 epitope, but reduced recognition of the
A1l epitope, indicative of immune escape.

* A Q90E substitution resulted in a loss of the ability of the
peptide to induce lysis, a R91K substitution was still reactive,
and a R91Q substitution showed a reduced ability to stimulate
lysis.
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HXB2 Location p17 (84-92)
Author Location pl7 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A*1101)
Keywords optimal epitope
References [Frahm et al.[2004
¢ C. Brander notes that this is an A*1101 epitope.

HXB2 Location p17 (84-92)
Author Location Gag (83-91 SUMA)
Epitope TLYCVHQKI
Epitope name Gag TI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*1103)
Donor MHC A*1103, A*2402, B*1402, B*1501, C*0802
Country United States.
Assay type CDS8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, acute infection, characterizing
CD8+ T cell responses
References Jones ef al.|2004

e Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.

* The patient SUMA maintained low viral loads and stable CD4
T-cell counts through seven years of follow up. In contrast to
more rapid progressors, WEAU and BORI, SUMA a broad
response to 24 epitopes, with little immunodominance. Two
peptides were somewhat more intensely recognized in acute
infection, but this response leveled out early on.

* Only four epitopes were found to acquire escape muations in
SUMA over time, and this was one of the 20 that remained
invariant. A low level response was detected at acute infection
that persisted through early infection.

HXB2 Location pl7 (84-92)
Author Location p17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords responses in children, mother-to-infant trans-
mission
References |Brander & Walker(1995
» Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.

HXB2 Location pl17 (84-92)
Author Location p17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
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References |Birk ez al.ll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (84-92)
Author Location pl17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
References |Ferrari ez al[2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (84-92)
Author Location pl17 (84-92 SF2)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords HAART, ART, acute infection
References |Altfeld et al.[2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A11+ individuals that had a CTL response to
this epitope broken down by group: 0/3 group 1, 0/0 group 2,
and 1/2 group 3.

HXB2 Location p17 (84-92)
Author Location pl17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A11)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul e ¢/./2001a
* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p17 (86-101)
Author Location pl17 (SF2)
Epitope YCVHQRIEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld er al.|2000
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* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p17 (86-101)
Author Location pl7 (SF2)
Epitope YCVHQRIEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld et al.[2000
 This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
* The response to the peptide was CDS8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p17 (87-105)

Author Location p17 (91-105 SF2)
Epitope CRIDVKDTKEALEKIE
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman et al.[1997b

¢ CTL expanded ex vivo were later infused into HIV-1 infected

patients.

HXB2 Location p17 (88-115)
Author Location pl7 (88-115 ARV)
Epitope VHQRIEIKDTKEALDKIEEEQNKSKKKA
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Achour et al.l[1990
* B cell epitope HGP-30 also serves as a CTL epitope.

HXB2 Location p17 (88-115)
Author Location pl7 (88-115 ARV)
Epitope VHQRIEIKDTKEALDKIEEEQNKSKKKA
Immunogen Vaccine
Vector/Type:  peptide HIV component:
CD4BS, HPG30, V3  Adjuvant: 1L-12
Species (MHC) mouse (H-29)
References |Hamajima et al.|1997
* B cell epitope HGP-30 also serves as a CTL epitope.
* Vaccine combined HGP-30, V3 loop peptide variants, and CD4
binding site peptide.
e IL-12 expression plasmid included with the vaccination en-
hanced the CTL response.

HXB2 Location p17 (91-101)
Author Location pl7 (SF2)
Epitope RIDVKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a
* The CTL-dominant response was focused on this epitope in
an HIV+ Haitian living in Boston, who was A23/68 B45/72
Cw2/16 — this epitope fell outside the most recognized peptides
in the study.
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* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (91-105)

Author Location p17 (91-105 SF2)
Epitope RIDVKDTKEALEKIE
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.|[1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1

protein.
* Twelve subjects had CTL that could recognize vaccinia-

expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A3, A24, B8, B55.

HXB2 Location p17 (92-101)
Author Location p17 (92-101)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B*4001)
Keywords optimal epitope
References [Frahm ez al.|2004
* C. Brander notes this is a B*4001 epitope.

HXB2 Location pl17 (92-101)
Author Location pl17
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
References Wagner et al.|1998a
* CTL specific for HIV epitopes were used to show that the
mediators of both the cytolytic (granzyme A was used as the
marker) and non-cytolytic (HIV-1 inhibitory chemokines MIP-
1 oo and RANTES were used as markers) anti-viral responses
are localized within the CTL’s cytotoxic granules.

HXB2 Location p17 (92-101)
Author Location p17 (92-101 SF2)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
Keywords HAART, ART, acute infection
References |Altfeld et al.[2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
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The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-B60+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 1/1 group 2,
and 0/0 group 3.

HXB2 Location p17 (92-101)
Author Location Gag (92-101)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
Keywords class I down-regulation by Nef
References |Yang et al.|2002
* Nef down-modulates class I protein expression, and this study
demonstrates directly that Nef-deleted HIV-1 NL-43 can be
more effectively killed in vitro than NL-43 with an intact Nef.
The effect was shown to be specific for class I presentation
of epitopes, and unlike Nef, deleting Vpr did not alter CTL
susceptibility of NL43 infected cells. The CTL clone 161JD27,
specific for the class I B60 presented epitope IEIKDTKEAL,
was one of four used in this study.

HXB2 Location p17 (92-101)

Author Location p17 (92-101 NL43)

Epitope IEIKDTKEAL
Epitope name 110
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay, CTL suppression of
replication

Keywords escape

References |Yang et al.|[2003a

e Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGYV,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
Gag and RT epitope escape, if it occurred at all, tended to be
monoclonal and within the epitope, indicating strong fitness
constraints, while the Nef epitope escape was rapid, polyconal,
and sometimes the result of upstream frameshifts.

* There was one cloned cell line that recognized IEIKDTKEAL,
161JD27. After 2 weeks of passaging HIV-1 in the presence
of 161JD27, no mutations were observed within the epitope in
10 sequences; one of the 10 had a single E -> K substitution 6
amino acids beyond the C-terminal end of the epitope.

HXB2 Location p17 (92-101)
Author Location Gag (92-101 B consensus)
Epitope IEIKDTKEAL
Epitope name IL10
Subtype B
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Immunogen Vaccine
Vector/Type: adeno-associated virus (AAV)
HIV component: gpl120
Species (MHC) human (B60)
Assay type Chromium-release assay, Flow cytometric
CTL assay
Keywords dynamics, immune evasion
References [Brainard et al./2004
e HIV-1 gpl120 is shown to suppress the ability of antigen-
specific CTLs to migrate or remain at sites of high viral repli-
cation by concentration-dependent chemotaxis and fugetaxis.
Directional T-cell movement is shown to depend on the inter-
action of the V2 and V3 loops with the CXCR4 receptor. X4
HIV-1 gp120 causes the migration of T-cells, including HIV-1
specific CTL, away from infected target cells, another potential
mechanism for immune evasion.

HXB2 Location p17 (92-101)
Author Location pl17 (92-101)
Epitope IEIKDTKEAL
Epitope name Gag/p17-1L10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay
Keywords binding affinity, epitope processing, TCR us-
age, characterizing CD8+ T cell responses
References |Yang ef al.|2003b

* Killing efficiency of CTLs and their ability to suppress viral
replication is shown to depend more on epitope specificity than
to antigenic avidity. Different clones recognizing the same
epitope had similar killing efficiency despite their variation in
avidity. Nef specific CTL clones tended to be most inhibitory,
followed by Gag, then by RT specific clones, regardless of
avidity.

* 1/14 CTL T-cell clones tested were specific for Gag/p17-1L10.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effector
capacity. Avidity was measured as the sensitizing dose of pep-
tide required for 50% of maximal killing (SD50), which varied
from 20 pg/ml to 100 ng/ml, over four orders of magnitude for
all 14 epitopes. The SD50 value for the Gag/p17-IL10 clone
was 8,000 pg/ml.

HXB2 Location p17 (92-101)
Author Location p17 (SF2)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60, B*4001)
References |Altfeld et all2000
* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes.
* B60 is present in 10-20% of the Caucasoid and very common
in Asian populations.

HXB2 Location p17 (92-101)
Author Location p17 (92-101)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60, B61)
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Keywords immunodominance
References Day ef al.|2001
* No immunodominant responses were detected to five B61-
restricted epitopes tested.
* All five B60-restricted epitopes were reactive in another subject,
and the B60-restricted responses together contributed over one-
third of the total CTL response.

HXB2 Location p17 (93-101)
Author Location pl7 (SF2)
Epitope DVKDTKEAL
Immunogen HIV-1 infection

Species (MHC) human

Keywords inter-clade comparisons, immunodominance

References |Goulder et al.|2000a

The CTL-dominant response was focused on this epitope in
a HIV+ Caucasian from Boston, who was A1/#0201 B8/63
Cw7/- — this epitope fell outside the most recognized peptides
in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (pl17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (93-101)
Author Location Gag (99-107 WEAU)
Epitope EVKDTKEAL
Epitope name Gag EVL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A#2902, B*4403, B*0801
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, acute infec-
tion, kinetics, characterizing CD8+ T cell re-
sponses, reversion, viral fitness
References lJones ef al.|2004
e Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient WEAU had high viral loads and rapid CD4 decline.
WEAU mounted 14 detected CTL responses, with distinct
patterns of immunodominance. WEAU did not control viral
replication well, and escape mutations occurred early and 4/14
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had changes that could have resulted in escape, and two were
confirmed as escape.

» There was a weak response to this epitope during acute and
early infection, and the epitope sequence did not vary during
the first year of the infection.

HXB2 Location p17 (93-101)
Author Location p17 (93-101)
Epitope EIKDTKEAL
Immunogen Peptide-HLA interaction
Species (MHC) human (BS8)
References |DiBrino ez al.ll1994b
» Examined in the context of motifs important for HLA-BS8 bind-
ing, predicted epitope based on Achour et al.

HXB2 Location p17 (93-101)
Author Location p17 (93-101)
Epitope EIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (BS)
References [Birk et all1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (93-101)
Author Location p17 (93-101 LAI)
Epitope EIKDTKEAL
Subtype B
Immunogen
Species (MHC) human (B8, B60)
References [Brander & Walker|1997
¢ Pers. comm. from A. Trocha and S. Kalams to C. Brander and
B. Walker.

HXB2 Location p17 (119-127)
Author Location Gag (119-127 BORI)
Epitope AADTGNSSQ
Epitope name Gag AQ9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A#2902, B*1402, C*0802
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, escape, acute
infection, characterizing CD8+ T cell re-
sponses, reversion, viral fitness
References Jones et al.l[2004
* Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
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The patient BORI had high viral loads and rapid CD4 decline.
BORI mounted 8 detected responses. BORI did not control
viral replication well, and escape mutations occurred early and
in most epitopes, 6/7 that were precisely identified.

20 variants in the AADTGNSSQ epitope were found in the
patient BORI, the first appearing at day 35 with new variants
continuing to arise through day 556. This is an extremely
variable epitope, and changed not only by base substitution but
by insertion and deletion. All variants tested conferred escape,
at high concetrations of peptide.

HXB2 Location p17 (121-132)
Author Location p17 (121-132 HXB2R)
Epitope DTGHSNQVSQNY
Immunogen HIV-1 infection
Species (MHC) human (A33)
References [Buseyne et al.|[1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-
infected people.

HXB2 Location p17 (121-132)
Author Location Gag (121-132 LAI)
Epitope DTGHSNQVSQNY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A33)
References Buseyne ef al.[1993a
e Vertical transmission of HIV ranges from 13% to 39%.
* Primary assays showed that cytotoxic activity against at least
one HIV protein was detected in 70% of infected children.
 Epitopes recognized in five children were mapped using syn-
thetic peptides and secondary cultures.
» Patient EM17 (CDC P2A+C+D2) had a CTL response to two
epitopes in Gag.

HXB2 Location p17 (124-132)
Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 or HIV-2 infection
Species (MHC) human (B*3501)
Keywords optimal epitope
References [Frahm ez al.|2004
* Noted by Brander to be B*3501 epitope.

HXB2 Location p17 (124-132)
Author Location pl7
Epitope NSSQVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B*3501)
Keywords binding affinity
References |Dorrell ef al.|2001
» The crystal structure of this epitope bound to HLA-B*3501
shows that a serine can fit into the B pocket, which is shared
between B35 and B53, with the hydroxyl group of the P2 serine
occupying a position almost identical to the P2 proline that was
previously considered the anchor motif.
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* Novel B53 epitopes (DTINEEAAEW and QATQEVKNM)
were defined in this study that showed that A and T can also
serve as P2 anchor residues for the B pocket of HLA-B35 and
B53 —while S, T, and P could all fit into the B pocket and form
a hydrogen bond, A would not form a bond, so the authors
propose compensatory interactions account for the high affinity
of QATQEVKNM for B53.

HXB2 Location p17 (124-132)
Author Location pl17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords review
References [McMichael & Walker|1994
* Review of HIV CTL epitopes.

HXB2 Location p17 (124-132)
Author Location
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords dynamics, acute infection
References |Wilson et al.J2000a
* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load.
All three patients were B*2705, with HLA alleles: A1, A30/31,
B*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA Al, A*0301, B7, B*2705.
No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEV VL.

HXB2 Location pl17 (124-132)
Author Location p17 (124-132)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Birk et al.l1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location pl17 (124-132)
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Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 or HIV-2 infection
Species (MHC) human (B35)
References |Rowland-Jones ez al.|1995
« Established by titration.

HXB2 Location p17 (124-132)
Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (B35)
References |Lalvani et al.[1997
* A peptide-based protocol was optimized for restimulation of
CTLp using optimized peptide and IL-7 concentrations — impor-
tantly this protocol does not stimulate a primary response, only
secondary — peptide-specific CTLp counts could be obtained
via staining with peptide-Class I tetramers.
This peptide was one of the B35 presented test peptides used
in control experiments showing that the assay gave no activity
using lymphocytes from 21 healthy B35 seronegative donors.

HXB2 Location p17 (124-132)

Author Location p17
Epitope NSSKVSQNY
Immunogen
Species (MHC) human (B35)
References [Rowland-Jones er al.ll1999

* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.
In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive.
HIV-2 version of this epitope is not conserved: PPSGKGGNY,
but the CTLs are cross-reactive — this is one of five B35 CTL
epitopes that are cross-reactive, see also/Rowland-Jones ef al.
[[1995]].

HXB2 Location p17 (124-132)
Author Location pl7
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART
References [Seth et al.[2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location p17 (124-132)
Author Location pl7 (124-132 SF2)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART, acute infection
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References |Altfeld et al.[2001b
Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B35+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 0/2 group 2,
and 1/1 group 3.

HXB2 Location pl17 (124-132)
Author Location
Epitope NSSKVSQNY
Epitope name Gag-NY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA B35, 1/21 (5%)
recognized this epitope.

HXB2 Location pl17 (124-132)
Author Location p17 (124-132)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana et al.l[2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* Less than 2/9 patients recognized this epitope.

I-B-2 Gag p17-p24 CTL, CD8+,
epitopes

HXB2 Location pl17-p24 (124-1)
Author Location Gag (124-133 BORI)
Epitope NSSQVSQNYP

Epitope name Gag NP10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
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Donor MHC A*2902, B*1402, C*0802
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, escape, acute
infection, characterizing CD8+ T cell re-
sponses, reversion, viral fitness
References Jones ef al.l2004
¢ Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient BORI had high viral loads and rapid CD4 decline.
BORI mounted 8 detected responses. BORI did not control
viral replication well, and escape mutations occurred early and
in most epitopes, 6/7 that were precisely identified.
10 variants in the NSSQVSQNYP epitope were found in the
patient BORI, the first appearing at day 35, NgSQVSQNYP,
with new variants continuing to arise through day 556. This
is an extremely variable epitope, and changed not only by
base substitution but by insertion and deletion. All variants
tested conferred some degree of escape by diminishing the CTL
response.

HXB2 Location pl17-p24 (127-3)
Author Location pl7-p24 (127-135 subtype D)
Epitope QVSQNYPIV
Subtype D
Immunogen
Species (MHC) human (A*6802)
References [Dong| 1998
 Epitope starts in p17 and ends in p24.
¢ Predicted on binding motif, no truncations analyzed.

HXB2 Location pl17-p24 (131-6)

Author Location p17-p24 (132-140 SF2)

Epitope NYPIVQNL
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
References |Ikeda-Moore et al.[1997

 The epitope starts in p17 and ends in p24.

* Defined using reverse immunogenetics — 59 HLA-A*2402
binding peptides were predicted by searching for A*2402 an-
chors in HIV proteins (Tyr at 2, and Phe, Leu or Ile at the C
term) — 53 of the 59 peptides bound A*2402.

* This peptide induced CTL in 1/4 HIV-1 + people tested.

* NYPIVQNL bound to A*2402 with medium strength, and the
epitope can be processed in a vaccinia construct and presented
—no CTL clone was obtained.
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II-B-3 Gag p24 CTL, CD8+, epitopes

HXB2 Location p24 (8-17)
Author Location p24 (140-149)
Epitope GQMVHQAISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords immunodominance
References Betts et al.[2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
¢ 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to four B57 epitopes and two others.

HXB2 Location p24 (8-20)
Author Location p24 (140-152 I1IB)
Epitope GQMVHQAISPRTL
Immunogen HIV-1 infection
Species (MHC) human (Cw3)
References [Littaua ef al|[1991
* Fine specificity of human Cw3 restricted Gag CTL epitope.
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HXB2 Location p24 (8-20)
Author Location p24 (8-20)
Epitope GQMVHQAISPRTL
Immunogen HIV-1 infection
Species (MHC) human (Cw3)
Donor MHC A03, A32, B51, B15, Cw03, Cw06, DR4,
DR8, DQ7
Country Netherlands.
Assay type CD8 T-cell Elispot - IFNYy, Flow cytometric
CTL assay
Keywords rate of progression, escape
References |Geels et al.|2003
* Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 17 potential epitopes from this individual, defined
based on previously identified epitopes presented by appropri-
ate HLA molecules. Full length genome sequence did not
reveal changes in time in any of these epitopes over a four year
period. Peptide pools initially revealed very little response to
these eptiopes, but this increased over time.

HXB2 Location p24 (8-27)

Author Location p24 (140-159)
Epitope GQMVHQAISPRTLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (B14)
References Musey et al.|1997

* CTL specific for this epitope were found in the peripheral blood

but not in the cervical mucosa of one donor.

HXB2 Location p24 (9-18)
Author Location Gag (173-182)
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Epitope QMVHQAISPR
Immunogen HIV-1 infection
Species (MHC) human (A3 supertype)
Keywords supertype, rate of progression
References [Propato et al.[2001

* Long-term nonprogressors (LTNPs) had strong memory resting
CD8+ T-cell responses against the majority of epitopes tested,
(18 for the A2 supertype, 16 for the A3 supertype) while the
effector cells of long-term nonprogressors recognized far fewer
epitopes.

* Progressors had memory resting CD8+ T-cells that recognized
far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

* This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301,
A*1101, A*3101, A*3301 and A*6801).

HXB2 Location p24 (10-18)
Author Location Gag (144-152 SF2)
Epitope MVHQAISPR
Subtype B
Immunogen HIV-1 infection, computer prediction
Species (MHC) human (A*3303)
Assay type Chromium-release assay
Keywords binding affinity, computational epitope predic-
tion
References |Hossain et al.J2003
* HLA-A*3303 is a common HLA allele in east and southeast
Asia. Pol, Gag and Nef SF2 proteins were scanned for potential
A*3303 epitopes. 99 potential epitopes were synthesized, and
52/99 bound to A*3303. Six of these served as peptide-targets
for lysis by PBMC from infected individual, and clones derived
from 4 of these 6 could lyse HIV-vaccinia infected target cells,
indicating proper processing.
 This epitope is one of the 4 that are properly processed.

HXB2 Location p24 (10-18)
Author Location Gag (174-182)
Epitope MVHQAISPR
Immunogen HIV-1 infection
Species (MHC) human (A3 supertype)
Keywords supertype, rate of progression
References [Propato ez al.[2001

* Long-term nonprogressors (LTNPs) had strong memory resting

CD8+ T-cell responses against the majority of epitopes tested,

(18 for the A2 supertype, 16 for the A3 supertype) while the

effector cells of long-term nonprogressors recognized far fewer

epitopes.

Progressors had memory resting CD8+ T-cells that recognized

far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

« This epitope can bind 5/5 HLA-A3 supertype alleles (A*0301,
A*1101, A*3101, A*3301 and A*6801).

HXB2 Location p24 (11-20)
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Author Location (C consensus)

Epitope VHQAISPRTL

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (B*1510)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (11-24)
Author Location p24 (SF2)
Epitope VQHAISPRTLNAWV
Immunogen HIV-1 infection
Species (MHC) human
Keywords inter-clade comparisons, immunodominance
References |Goulder et al.|2000a

* The CTL-dominant response was focused on this epitope in
an HIV+ Haitian living in Boston, who was A34/68 B57/71
Cw3/7 — this epitope fell outside the most recognized peptides
in the study.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

* Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p24 (11-25)
Author Location p24 (11-25 HXB2)
Epitope VHQAISPRTLNAWVK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo et al.|2003
* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
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treatment during acute infection, 11 continuously treated and
11 with STIL.

63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.

A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.

The authors did not note the reference strain, but based on the
peptide sequences provided it appears to be HXB2.
Responses to this peptide were detected in 29% of the study
subjects, and it was the third most frequently recognized pep-
tide.

3

HXB2 Location p24 (11-32)
Author Location p24 (143-164 BH10)
Epitope VHQAISPRTLNAWVKVVEEKAF
Immunogen HIV-1 infection
Species (MHC) human (Bw57)
References lJohnson et al.|[1991
* Gag CTL response studied in three individuals.

HXB2 Location p24 (12-20)
Author Location Gag (146-154)
Epitope HQAISPRTL
Immunogen HIV-1 infection
Species (MHC) chimpanzee (Patr-B*(02)
References |Balla-Jhagjhoorsingh et al.[1999b

¢ Certain HLA-alleles have been associated with long-term sur-
vival — among them are HLA-B*27 and HLA-B*57.

¢ Of more than 150 chimpanzees that have been reported to be
infected with HIV-1, only one has developed AIDS.

* CTL responses were studied in two HIV-1 infected chim-
panzees that have strong CTL responses, and they were found
to respond to highly conserved epitopes that are recognized in
humans in the context of HLA-B*27 and HLA-B*57.

* The human HLA protein which presents this Patr-B*02 epitope
is HLA-B*5701 but the amino acid sequences in the binding
pockets of HLA-B*5701 and Patr-B*02 are distinctive.

HXB2 Location p24 (13-20)
Author Location p24 (145-152)
Epitope QAISPRTL
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (Cw3)

Keywords HIV exposed persistently

(HEPS)

References |[Kaul ez al.|2001a
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

seronegative

HXB2 Location p24 (13-23)
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Author Location p24 (145-155)
Epitope QAISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human
Keywords immunodominance
References |Betts et al.|2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
¢ 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to QAISPRTLNAW noted previously to be A25.

HXB2 Location p24 (13-23)
Author Location p24 (145-155 LAI)
Epitope QAISPRTLNAW
Subtype B
Immunogen
Species (MHC) human (A*2501)
Keywords optimal epitope
References |[Frahm ez al.12004
* C. Brander notes that this is an A*2501 epitope.
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HXB2 Location p24 (13-23)
Author Location p24 (145-155 SF2)
Epitope QAISPRTLNAV
Immunogen HIV-1 infection
Species (MHC) human (A25)

Keywords HAART, ART, acute infection

References |Altfeld et al.[2001b
e Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A25+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/2 group 2,
and 1/3 group 3.

HXB2 Location p24 (13-23)
Author Location Gag (145-155 I1IB)
Epitope QAISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A25)
Assay type Chromium-release assay
References |[Kurane et al.J2003
* Three CD8+ CTL cell clones were derived from 2 HIV-1 posi-
tive asymptomatic patients, and their epitope specificities and
HLA presenting proteins were defined.
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HXB2 Location p24 (13-23)

Author Location p24 (145-155 LAI)
Epitope QAISPRTLNAW
Subtype B

Immunogen
Species (MHC) human (AS)
References |[Kurane & West|1998

HXB2 Location p24 (15-23)
Author Location
Epitope LSPRTLNAW

Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul ef al.|2001c

This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually serocon-
verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.
The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.
ISPRTLNAW was consistently recognized by 1/22 HEPS sex
worker controls (ML1250), and LSPRTLNAW was recog-
nized by 2 additional HEPS sex worker controls (ML1693
and ML1589).

HXB2 Location p24 (15-23)
Author Location p24
Epitope LSPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B*57)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al.[2002
Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location p24 (15-23)
Author Location p24 (147-155 I1IB)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords optimal epitope
References [Frahm ez al.|2004
 C. Brander notes this is a B¥*5701 epitope.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
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Subtype B
Immunogen HIV-1 infection

Species (MHC) human (B*5701)

Keywords rate of progression, immunodominance

References [Migueles & Connors|2001
HLA B*5701 was found in a very high frequency in HIV-1
infected non-progressors, 11/13 (85%) versus 19/200 (9.5%)
of progressors. Non-progressors tended to have an immune
response that was highly focused on four p24 epitopes that
were presented by B*5701, ISPRTLNAW, KAFSPEVIPME,
TSTLQEQIGW, and QASQEVKNW.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References [Migueles & Connors|2001
* CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B*5701+ individuals with pro-
gressive viremia than those that control viremia.
* The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2, B57.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Assay type Intracellular cytokine staining, Flow cytomet-
ric CTL assay
Keywords rate of progression, escape
References Migueles et al.|2003
» cDNA Gag sequences from a set of 17 HLA-B*5701+ progres-
sors and 10 LTNPs were obtained, and the variation in four
p24 B*5701 epitopes examined. Sequence variants were more
common (p < 0.01) in the epitopes in the progressors (median
3, range 1-7) than LTNPs (median 2, range 0-4).
* In general use of the autologous protein in a target cell did not
diminish the overall CD8+ T-cell responses.

HXB2 Location p24 (15-23)
Author Location Gag (147-155 LAI)
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701, B*5801)
Keywords rate of progression
References |Klein ez al.|1998
* B57 has been associated with long-term non-progression in the
Amsterdam cohort.
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¢ The most pronounced CTL responses in HLA B*5701 LTS
were to RT and Gag.

HXB2 Location p24 (15-23)
Author Location p24 (147-155)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords immunodominance
References [Betts et al.[2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
¢ 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to four B57 epitopes and two others, but not SLYNT-
VATL.

HXB2 Location p24 (15-23)
Author Location Gag (SF2)
Epitope ISPRTLNAW
Epitope name W9
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords acute infection
References |Goulder ez al.|2001a
This epitope elicited the second strongest CTL response in
patient PI004 during acute infection, and maintained the re-
sponse.
Three CTL responses, to epitopes TSTLQEQIGW, ISPRTL-
NAW, and KAFSPEVIPMEF, were evident early after infection;
CTL responses to SLYNTVATL, QASQEVKNW, EIYKRWII,
and FLKEKGGL were detectable at 5 months post-infection
and beyond.

HXB2 Location p24 (15-23)

Author Location p24 (147-155)
Epitope ISPRTLNAW
Epitope name ISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, acute infection
References |Oxenius et al/2000

Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

None of the 8 study subjects recognized this epitope but none
were HLA B57+.

HXB2 Location p24 (15-23)
Author Location p24 (15-23)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
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References |Ferrari et al.|2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (15-23)
Author Location p24 (147-155 SF2)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)

Keywords HAART, ART, acute infection

References |Altfeld et al.[2001b
*» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B57+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/0 group 2,
and 2/2 group 3.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Epitope name Gag-IW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA B57, 2/5 (40%)
recognized this epitope.
* Among HIV+ individuals who carried HLA B58, 0/4 (0%)
recognized this epitope.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Epitope name ISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al.[2002b
* Using previously defined epitopes|Oxenius et al.|[2000, 2001a]
in an IFN? Elispot assay, 13 chronically HIV-1 infected patients
were studied over a period including therapy with standard
treatment interruptions (STI).
» STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location p24 (15-23)
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Author Location Gag (147-155)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC A3, A28, B53, B57; A31, B7, B57
Assay type Chromium-release assay
Keywords TCR usage, genital and mucosal immunity
References Musey et al.|[2003
CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCR? VDJ region sequenc-
ing revealed cases of expansion of the same clone in different
compartments.
CD8+ T cell clones directed at this epitope were derived from
blood and semen of one male subject, and blood and cervix of
one female subject.
From the male patient, six clones that recognized this epitope
had three different patterns of TCR? usage: 2 from the blood
and 1 from the semen used VB6S2DJ2S2; 1 from the blood
and 1 from the semen used VB6S2DJ1.1; and 1 from the semen
used VB7S1DJ2.3.
From the female patient, five clones that recognized this epi-
tope had different TCR? usage. Blood derived clones were
B?6S7DJ2.7, B?6.4DJ2.3, and B?6S3DJ2.1. Cervix derived
clones were B?6S3DJ1.4 and B?6S5DJ2.5.

HXB2 Location p24 (15-23)
Author Location Gag (147-155)
Epitope ISPRTLNAW
Epitope name ISW9
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, escape
References |Draenert ez al.[2004b
* The A146P mutation flanking the ISW9 epitope (Pisprtlnaw)
is positively selected in HLA-B57+ persons and it prevents
trimming of the optimal epitope by the endoplasmic reticulum
aminopeptidase I. The A146P processing escape mutation does
not influence replicative capacity of the virus in vitro and is
accumulated over time in the human population.

HXB2 Location p24 (15-23)
Author Location p24 (15-23)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References [Plana ez al.2004
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* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.

* 3/7 patients recognized this epitope.

HXB2 Location p24 (15-23)
Author Location (147-155 B consensus)
Epitope ISPRTLNAW
Epitope name W9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
CTL assay
Keywords characterizing CD8+ T cell responses
References |Allen et al.l[2004

* This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag pl17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RK9 epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope; this
response declined following viral escape (tsNlgeqigw) by day
64. The pl7 KK9 and RK9 became immunodominant, but
then declined as the escape mutation arose. IW9 is one of
three other strong responses and that persisted, along with one
sub-dominant response.

HXB2 Location p24 (15-23)
Author Location p24
Epitope ISPRTLNAW
Epitope name ISW9
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords review, epitope processing, escape
References |Goulder & Watkins|2004
* This paper is a review of the role of CTL in HIV infection, and it
uses the ISWO epitope as an example of an epitope that escapes
due to a mutation before the N-terminal end of the epitope.
The insertion of a proline prevents the aminopeptidase ERAAP
from cleaving the glutamine from the precursor, qPisrptlnaw,
preventing processing of ISRPTLNAW.

HXB2 Location p24 (15-23)
Author Location p24 (147-155 I1IB)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57, B*5801)
Keywords rate of progression
References |Goulder et al.l|[1996b
* Five slow progressors made a response to this epitope, and in
two it was the dominant response.
* Peptide defined on the basis of B*5801 binding motif, yet not
cross-restricted except at high concentrations.

HXB2 Location p24 (15-23)
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Author Location p24 (subtype A)
Epitope LSPRTLNAW
Subtype A
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B57, B58)
References |[Kaul ez a/.[2000

* 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T cell responses.

» Low risk individuals did not have such CD8+ cells.

e CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCEF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location p24 (15-23)
Author Location p24 (147-155)
Epitope LSPRTLNAW

Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (B57, B58)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References |[Kaul e a./2001a

Variants (L/[)SPRTLNAW are specific for the A/B clades.
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-B57/B58 women, 4/6 HEPS and 14/17 HIV-1
infected women recognized this epitope.
The dominant response to this HLA allele was to this epitope
in 2 of the 4/6 HEPS cases and in 7 of the 14/17 responsive
HIV-1 infected women.

HXB2 Location p24 (16-24)

Author Location p24

Epitope SPRTLNAWYV
Immunogen HIV-1 infection
Species (MHC) chimpanzee
References [Santra et al.]1999

3/4 animals displayed HIV-1 Gag-specific CTL activity.

Effector cells from two chimpanzees were able to recognize

epitopes also recognized by human HIV-1 Gag-specific CTL

(SPRTLNAWYV, HLA-B7, and DLNTMLNTYV, HLA-B14)

* No chimpanzee CTL were detected to the following human
HIV-1 specific Gag epitopes, although they were embed-
ded within 20mer peptides that contained a reactive epitope:
ISPRTLNAW, HLA-B57; KRWIILGLNK, HLA-B27; and
DRFYKTLRA, HLA-B14.
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HXB2 Location p24 (16-24)

Author Location p24 (148-156)
Epitope SPRTLNAWV
Immunogen
Species (MHC) human (B*0702)
Keywords optimal epitope
References |Frahm ez al.[2004:

 C. Brander notes this is a B¥*0702 epitope.
* Optimal peptide mapped by titration.

HXB2 Location p24 (16-24)
Author Location p24 (148-156)
Epitope SPRTLNAWV
Immunogen
Species (MHC) human (B7)
References [Brander & Walker] 1997
* Optimal peptide mapped by titration, pers. comm. from D.
Lewinsohn to C. Brander and B. Walker.

HXB2 Location p24 (16-24)

Author Location p24 (148-156)

Epitope SPRTLNAWV
Immunogen HIV-1 infection
Species (MHC) human (B7)
References |Brodie ez al.|2000:

* Study tracks and quantifies in vivo migration of neo-marked
CDS8 HIV-specific CTL.

* Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS and localized among HIV-1
infected cells expressing MIP-lalpha and MIP-1beta, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.

* This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p24 (16-24)
Author Location p24 (148-156)
Epitope SPRTLNAWV
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B7)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez a/J2001a’
» ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
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Subject ML 1203 started with CTL responses to A*6802
DTVLEDINL and to B7 FPVTPQVPLR prior to serocon-
version, and upon seroconversion acquired additional re-
sponses to A*6802 ETAYFILKL which became dominant, B7
TPGPGVIRYPL, B7 IPRRIRQGL, and B7 SPRTLNAWV.

HXB2 Location p24 (16-24)
Author Location p24 (16-24)
Epitope SPRTLNAWV
Immunogen HIV-1 infection
Species (MHC) human (B7)
Keywords rate of progression, acute infection
References |Day ef al.[2001
* The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP).
* 2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.
Subjects with chronic HIV-1 infection recognized between 2-8
out of 11 B7-restricted epitopes.
* An acute seroconvertor homozygous for the B7 allele recog-
nized five B7-restricted epitopes.
* The other acute seroconvertor failed to recognize any of the 11
B7-restricted epitopes tested.
* The B7-restricted CTL response was highly variable and there
was no clearly dominant epitope.

HXB2 Location p24 (16-24)
Author Location
Epitope SPRTLNAWV
Epitope name Gag-SW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
References [Sabbaj ez al.[2002b
* Among HIV+ individuals who carried HLA B07, 1/9 (11%)
recognized this epitope.
* Among HIV+ individuals who carried HLA B81, 1/6 (17%)
recognized this epitope.

HXB2 Location p24 (16-24)
Author Location p24 (16-24)
Epitope SPRTLNAWV
Epitope name B7-SV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), acute infection
References [Yu et al.|2002a
e CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.
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* One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

1/11 HLA-B7 positive individuals had detectable B7-restricted
responses to this epitope during acute infection — 10/15 of
HLA-B7 epitopes tested were targeted by at least one person
during acute infection. 1/4 individuals had detectable responses
to this epitope after STI.

HXB2 Location p24 (16-24)
Author Location p24 (16-24)
Epitope SPRTLNAWV
Epitope name B7-SV9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld ez al.[2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response, but in this case the epitope did not
vary.

HXB2 Location p24 (16-24)
Author Location p24 (148-156)
Epitope SPRTLNAWV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Country United States.
Assay type CD8 T-cell Elispot - IFN7y, CDS8 T-cell Elispot
granzyme B
Keywords characterizing CD8+ T cell responses
References |Kleen et al.[2004
* Only 20% of CD8+ T-cells produce IFN-gamma and granzyme
B simultaneously (Tcla). Two additional subpopulations of
HIV specific CD8 cells are found, each one constituting 30-40%
of the CDS cell pool. One of these (Tc1b) secretes IFN-gamma
only, and the other one (Tclc) secretes GzB only.
* None of seven patients responded to this peptide with GzB
producing cells or IFN-gamma producing cells.
* The authors describe the epitope as SPRTLNNQWYV - the
double N’s may be a typo or an unusual form of the epitope; it
is atypical and may be why there was no response.

HXB2 Location p24 (16-24)

Author Location p24 (16-24)

Epitope SPRTLNAWV

Immunogen HIV-1 infection

Species (MHC) human (B7)

Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric CTL assay
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Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References [Plana ef al.|2004

Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
Less than 2 of 7 patients recognized this epitope.

HXB2 Location p24 (16-24)
Author Location p24 (subtype B)
Epitope SPRTLNAWV
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B7, B*8101)
References |[Kaul ez al.[2000
* 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T cell responses.
Low risk individuals did not have such CD8+ cells.
CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location p24 (16-24)
Author Location Gag (subtype B)
Epitope SPRTLNAWV
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B7, B*8101)
Keywords inter-clade comparisons
References [Rowland-Jones et al.|[1998b
HIV-specific CTL were found in exposed seronegative prosti-
tutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 expo-
sure is among the highest in the world.
Most isolated HIV strains are clade A in Nairobi, although
clades C and D are also found — B clade epitopes are often cross-
reactive, however stronger responses are frequently observed
using A or D clade versions of epitopes.
This epitope is conserved among A, B, and D clade viruses.

HXB2 Location p24 (18-26)
Author Location Gag (150-)
Epitope RTLNAWVKYV
Epitope name Gagl50
Immunogen HIV-1 infection, Vaccine
Vector/Type: peptide HIV component: p24
Gag Adjuvant: Incomplete Freund’s Adju-
vant (IFA)
Species (MHC) human, transgenic mouse (A2)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric CTL assay
Keywords binding affinity, inter-clade comparisons,
computational epitope prediction
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References |Corbet ef al.l[2003

* HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.

* This peptide was an intermediate A2 binder, and induced CTL
responses in mice. Responses were detected in 1/17 HIV+
HLA-A2 subjects.

HXB2 Location p24 (19-27)
Author Location p24 (151-159)
Epitope TLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART, immunodominance
References |Huang et al.|2000

* The single cell ELISPOT assay was optimized and highly spe-
cific, and found to work well even after the primary cells had
been frozen and thawed.

* Increases in gamma interferon producing cells were observed
in response to anti-retroviral therapy using single cell IFN-
gamma-production ELISPOT.

* In 3/3 HLA-A*02, -B*27 subjects the immunodominant epi-
tope was against HLA B*27 Gag p24 epitope KRWIILGL, not
A2 Gag epitopes.

HXB2 Location p24 (19-27)
Author Location p24 (151-159)
Epitope TLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References [Rinaldo ez al.|2000
* Administration of triple-drug antiretroviral therapy (IDV, 3TC
and ZDV) sometimes showed a transient increase and other
times failed to increase CTL responses in patients with ad-
vanced HIV disease, but there is a stable population of tetramer
stained HIV-specific CD8+ CD45RO+ cells that can persist
after therapy and long periods of virus being below the level of
detection.

HXB2 Location p24 (19-27)
Author Location p24 (151-159)
Epitope TLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Parker et al.|1992; Parker et al.||1994
* Study of sequence motifs preferred for peptide binding to class
I HLA-A2.

HXB2 Location p24 (19-27)
Author Location p24 (19-27)
Epitope TLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Ferrari et al.|2000
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* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (19-27)
Author Location p24 (150-159)

Epitope TLNAWVKVI
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (A2)
Keywords inter-clade comparisons, HIV exposed persis-

tently seronegative (HEPS)
References |[Kaul e al.|2001a

¢ Variants TLNAWVKV(I/V) are A/B clade specific.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p24 (19-27)
Author Location p24 (A02, A30, B4402, B15)
Epitope TLNAWVKVV
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2)
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords HIV exposed persistently seronegative
(HEPS), characterizing CD8+ T cell
responses
References |Missale et al.|2004

* HIV-specific T-cell response was tested in HIV-uninfected pa-
tients exposed to blood from a patient with highly replicating
HIV; these same patients were nosocomially infected with HBV.
HIV-specific T-cell responses were directed to structural and
non-structural HIV proteins in two patients suggesting that the
virus replicated in these patients sufficiently to prime a cell-
mediated immune response that protected these individuals
from HIV infection.

e This patient responded to 4/8 HIV epitopes tested in an
IFNgamma EliSpot assay or tetramer assay. Responses were
detected to this peptide 8 and 28 weeks after exposure with
EliSpot, but not by tetramer binding.

HXB2 Location p24 (19-27)
Author Location p24 (subtype B)
Epitope TLNAWVKVV
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2, A*0202)
Keywords inter-clade comparisons
References [Rowland-Jones er al.[1998b
HIV-specific CTL were found in exposed seronegative prosti-
tutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 expo-
sure is among the highest in the world.
Most isolated HIV strains are clade A in Nairobi, although
clades C and D are also found — B clade epitopes are often cross-
reactive, however stronger responses are frequently observed
using A or D clade versions of epitopes.
This epitope is conserved among A, B and D clade viruses.
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HXB2 Location p24 (21-30)
Author Location Gag (153-162 WEAU)
Epitope NAWVKIEEK
Epitope name Gag NK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A#2902, B*4403, B*0801
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, acute infec-
tion, kinetics, characterizing CD8+ T cell re-
sponses, reversion, viral fitness
References Jones et al.l[2004
* Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient WEAU had high viral loads and rapid CD4 decline.
WEAU mounted 14 detected CTL responses, with distinct
patterns of immunodominance. WEAU did not control viral
replication well, and escape mutations occurred early and 4/14
had changes that could have resulted in escape, and two were
confirmed as escape.
There was a weak response to this epitope during acute and
early infection, and the epitope sequence did not vary during
the first year of the infection.

HXB2 Location p24 (21-40)
Author Location p24 (153-172 SF2)
Epitope NAWVKVVEEKAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A2, -B21.

HXB2 Location p24 (21-40)
Author Location p24 (153-172 SF2)
Epitope NAWVKVVEEKAFSPEVIPMF
Immunogen Vaccine
Vector/Type: virus-like particle (VLP) HIV
component: CD4BS, Gag, gp120, V3
Species (MHC) macaque
References (Wagner et al.|1998b
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* A VLP is a non-infectious virus-like particle self-assembled
from HIV Pr55 gag — macaques were immunized with VLPs
bound to either gp120 or V3+CD4 linear domains Gag and Env
specific CTL were stimulated in each case, and Ab response to
gag and gp120 was elicited, but the gp120 neutralizing response
occurred only with whole gp120, not V3+CD4 — despite the
CTL and Ab response, immunized macaques were infected
by intervenous challenge with SHIV chimeric challenge stock
‘Wagner et al.|[1998b]

* CTL specific for this epitope could be found both before and
after SHIV challenge.

HXB2 Location p24 (21-40)
Author Location Gag (153-172)
Epitope NAWVKVVEEKAFSPEVIPMF

Immunogen HIV-1 infection

Species (MHC) human (B57)
References |Brodie ez al.[1999

The ability of CTL effector cells was studied by expanding
autologous HIV-1 Gag-specific CTL in vitro, and adoptively
transferring them.
The transferred CTLs migrated to the lymph nodes and tran-
siently reduced circulating productively infected CD4+ T cells,
showing that CTL move to appropriate target sites and mediate
anti-viral effects.

HXB2 Location p24 (21-40)

Author Location p24 (153-172)

Epitope NAWVKVVEEKAFSPEVIPMF
Immunogen HIV-1 infection

Species (MHC) human (B57)

References |Brodie et al.[2000

Study tracks and quantifies in vivo migration of neo-marked

CD8+ HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed

to specific lymph node sites, colocalizing within the parafol-

licular regions of the lymph node adjacent to cells expressing

HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS and localized among HIV-1
infected cells expressing MIP-1? and MIP-1?, CC-chemokines
produced at sites of viral replication, suggesting a possible
homing mechanism.

* This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p24 (21-42)
Author Location p24 (153-174 BH10)
Epitope NAWVKVVEEKAFSPEVIPMFSA
Immunogen HIV-1 infection
Species (MHC) human (Bw57)
References Johnson et al.||[1991
* Gag CTL response studied in three individuals.

HXB2 Location p24 (24-32)
Author Location (C consensus)
Epitope VKVIEEKAF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*1503)
Country South Africa.
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Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses

References |Kiepiela et al.|2004
* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (28-36)
Author Location p24
Epitope EEKAFSPEV
Subtype A
Immunogen HIV-1 infection

Species (MHC) human (B*4415)

Keywords HIV exposed persistently seronegative

(HEPS)
References [Bird et all2002

5/233, (4 HIV-1 positive, 1 HEPS) (2.1%) Kenyan female sex
workers carried the novel HLA allele B¥4415.
Residues forming the B pocket of HLA B*4415 were identical
to HLA B*4001, B*4402 and B*4403. These alleles preferred
E, an acidic residue, at the P2 position.
The amino acid residues forming the F pocket of allele B¥4415
were not correlated with other known HLA molecules, but
analogy suggests a binding preference for small, neutral amino
acids.
Based on the binding motif x[DE]xxxxxx[VILA], 19 potential
B*4415 epitopes were identified, and 1/19 was reactive in an
Elispot, EEKAFSPEV.

HXB2 Location p24 (28-36)
Author Location p24 (28-36)
Epitope EEKAFSPEV
Immunogen
Species (MHC) human (B*4415)
Keywords optimal epitope
References [Frahm ez al.[2004

HXB2 Location p24 (28-36)
Author Location (C consensus)
Epitope EEKAFSPEV
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*4501)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References [Kiepiela ez al.[2004
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HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.

This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (28-47)

Author Location p24 (160-179)
Epitope EEKAFSPEVIPMFSALSEGA
Immunogen HIV-1 infection
Species (MHC) human (B27)
References Musey ef al.||[1997

 Cervical and peripheral blood derived CTL clones from an

HIV-infected woman recognized this epitope.

HXB2 Location p24 (29-48)
Author Location Gag (161-180 C consensus)
Epitope EKAFSPEVPMFTALSEGAT
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Keywords inter-clade comparisons
References [Novitsky et al.|[2002
* HLA, viral sequence, and Elispot data was obtained from 105
HIV-1 positive Botswanans; Elispot data was obtained from
between 55 and 64 subjects for each HIV protein.
* Nef and p24 had the highest percentage of reactive peptides,
and p24 had the highest magnitude of HIV-1 responses.
 This peptide was among the 28 most reactive C clade peptides
from among over 350 tested spanning all HIV proteins.

HXB2 Location p24 (30-37)
Author Location p24 (162-170 LAI)
Epitope KAFSPEVI
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5703)
Keywords optimal epitope
References |[Frahm ez al.|2004
» C. Brander notes this is a B*5703 epitope.

HXB2 Location p24 (30-37)
Author Location p24 (30-37)
Epitope KAFSPEVI
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Goulder et al.|2000c
» Two strong clonal CTL responses were generated in donor 026-
BMC (HLA A3/-, B42/B57, Cw7/17) against different optimal
versions of this epitope, one 8 amino acids long, one 11.
» Improved stabilization of the B57-peptide complex was demon-
strated by the 11 mer which fits the B5S7 binding motif, relative
to the 8 mer, which does not.
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* B57 tolerates marked difference in optimal peptide length —
and B57 is associated with non-progressive infection.

HXB2 Location p24 (30-37)
Author Location
Epitope KAFSPEVI
Epitope name Gag-KI8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Sabbaj et al.|2002b
* Among HIV+ individuals tested who carried HLA B57, 0/5
(0%) recognized this epitope.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul ez al.[2001c

* This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually serocon-
verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.

* The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.

* This epitope was recognized by 1/22 HEPS sex worker controls,
ML1250.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B*57)
Keywords HAART, ART
References Spiegel et al.[1999
* Study examines the effect of highly active antiretroviral ther-
apy (HAART) on HIV-1 plasma viral load, CTLp and CTLe
frequencies in 8 infected children.
CTLp (precursors) were measured by stimulating in culture and
assaying using 51Cr release, against vaccina expressed 11IB
Env, Gag, Pol, Nef, and CTLe were measured by ELISPOT.
CTL against B*57-KAFSPEVIPMF was a de novo response
observed in one of the children when viral load increased as a
result of stopping therapy.
HIV-1 specific CTL responses initially increased in children
with complete viral suppression, but then decreased, suggesting
viral replication is needed to maintain CTL responses.

HXB2 Location p24 (30-40)
Author Location p24 (162-172 LAI)
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression
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References |Goulder et al.[1996b
 This peptide was recognized by CTL from five slow progres-
SOrS.
 Peptide defined on the basis of B*¥5801 binding motif, yet not
cross-restricted except at high concentrations.
 This epitope is highly conserved.

HXB2 Location p24 (30-40)
Author Location p24 (162-172 LAI)
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords optimal epitope
References [Frahm et al.[2004
» C. Brander notes this is a B*5701 epitope.

HXB2 Location p24 (30-40)
Author Location
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References Migueles & Connors|2001
HLA B*5701 was found in a very high frequency in HIV-1
infected non-progressors, 11/13 (85%) versus 19/200 (9.5%)
of progressors. Non-progressors tended to have an immune
response that was highly focused on four p24 epitopes that
were presented by B*5701, ISPRTLNAW, KAFSPEVIPME,
TSTLQEQIGW, and QASQEVKNW.
Attempts to make all for HLA B*5701-epitope tetramers were
made, but only the HLA B*5701-KAFSPEVIPMF tetramer
folded properly. The percentage of CD8+ T cells staining with
this HLA B*57 gag tetramer and the fraction of CD69+IFN-+
cells responding to autologous B cells pulsed with KAFSPE-
VIPMF was highly correlated (r = 0.84; P = 0.005). The percent
of CD8+ T cells that stain with the A*2 gag SLYNTVATL tet-
ramer was low (0-0.31%) in a A2+ B57+ LTNP, emphasizing
the focus of the immune response on the B*5701 epitopes.

HXB2 Location p24 (30-40)
Author Location
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References Migueles & Connors|2001
* CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B¥5701+ individuals with pro-
gressive viremia than those that control viremia.
* The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2 and B57.
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HXB2 Location p24 (30-40)
Author Location Gag (162-172)
Epitope KAFSPEVIPMF
Epitope name KAF11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Assay type Intracellular cytokine staining, Flow cytomet-
ric CTL assay
Keywords rate of progression, escape
References Migueles er al.[|2003

* cDNA Gag sequences from a set of 17 HLA-B*5701+ progres-
sors and 10 LTNPs were obtained, and the variation in four
p24 B*5701 epitopes examined. Sequence variants were more
common (p < 0.01) in the epitopes in the progressors (median
3, range 1-7) than LTNPs (median 2, range 0-4).

* In general, use of the autologous protein in a target cell did not
diminish the overall CD8+ T-cell responses.

* This epitope tends to be quantitatively immunodominant in
B57+ people, including in some of the individuals in this study.
It was extremely well conserved in the sequences obtained here,
despite strong immune pressure, suggesting fitness constraints.

HXB2 Location p24 (30-40)
Author Location p24 (30-40)
Epitope KAFSPEVIPMF
Epitope name KAFS
Subtype A, B
Immunogen HIV-1 infection
Species (MHC) human (B*5701, B*5703)
Keywords inter-clade comparisons, rate of progression
References |Gillespie et al.|2002
* CTL responses of eight HIV+ slow progressors from Nairobi
Kenya or Oxford, UK who were B*5701 or B*5703 were
studied, as B*57 is associated with slow progression.
This epitope is located between the structurally conserved
alpha-helix 1 and alpha-helix 2 (H1-H2) region of the p24
capsid protein, and tends to elicit strong reactions in B*57
individuals.
Broad heterogeneous cross-clade reactivity to 6 clade variants
of the KAFS peptide sequence were observed in one B*5701
and 5 B*5703 HLA-restricted patients, measured by IFNy pro-
duction Elispot assays as well as tetramer binding. The clade
variants were: KAFSPEVIPMF (clades A and B), kGfNpe-
vipmf (clades A/AC); kaLspevipmf (clade A); kafspevipV{
(clade A); kafNpelipmf (group O); kafspelipmf (A/C); kafsQe-
vipmf (A/C); and kaLspevipmf KNFSPEVIPMF A/G). Not
all variants were well recognized in all patients, for example
kafsQevipmf was not able to induce IFN gamma production
in 3/6 tested, and had a diminished capacity to sensitize target
cells for lysis.

HXB2 Location p24 (30—40)
Author Location p24 (162-172 LAI)
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5703)
Keywords optimal epitope
References [Frahm et al.[2004
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» C. Brander notes this is a B¥5703 epitope.

HXB2 Location p24 (30-40)

Author Location

Epitope KAFSPEVIPMF
Epitope name Gag-KF11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5703)
Donor MHC A*3402 A*7401 B*0801 B*5703 Cw*0302
Cw*0701
Keywords HAART, ART
References |Sabbaj et al.|2002b

 This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

» 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

¢ Subject 00ORCHS59 was African American, on HAART, viral
load 170, CD4 count 477.

* Among HIV+ individuals who carried HLA-B57, 6/6 (100%)
recognized this epitope.

HXB2 Location p24 (30-40)
Author Location p24 (30—40)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Goulder et al.|2000c
Two strong clonal CTL responses were generated in donor 026-
BMC (HLA A3/-, B42/B57, Cw7/17) against different optimal
versions of this epitope, one 8 amino acids long, one 11.
Improved stabilization of the B57-peptide complex was demon-
strated by the 11mer which fits the B57 binding motif, relative
to the 8 mer, which does not.
* B57 tolerates marked difference in optimal peptide length —
and B57 is associated with non-progressive infection.

HXB2 Location p24 (30-40)
Author Location p24 (162-172)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords immunodominance
References [Betts et al.[2000
e Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
¢ 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to four B57 epitopes and two others.

HXB2 Location p24 (30-40)
Author Location p24 (SF2)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
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Species (MHC) human (B57)
Keywords inter-clade comparisons, immunodominance
References |Goulder ez al.|2000a

* The CTL-dominant response was focused on this epitope in a
HIV+ Caucasian living in Boston — this epitope is not among
the most recognized peptides in the study.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p24 (30-40)
Author Location Gag (SF2)
Epitope KAFSPEVIPMF
Epitope name KF11
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Goulder ez al.|2001a
* Three CTL responses in patient P1004, to epitopes TSTLQE-
QIGW, ISPRTLNAW, and KAFSPEVIPMF, were evident
early after infection; CTL responses to SLYNTVATL,
QASQEVKNW, EIYKRWII, and FLKEKGGL were detectable
at 5 months post-infection and beyond.

HXB2 Location p24 (30-40)

Author Location p24 (162-172)
Epitope KAFSPEVIPMF
Epitope name KAF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, acute infection
References |Oxenius et al/2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.
None of the 8 study subjects recognized this epitope but none
were HLA B57+.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Kostense et al.[2001
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* HLA tetramers to six epitopes were used to study HLA-A2, B§
and B57 CTL in 54 patients — HIV-specific tetramer positive
cells were inversely correlated with viral load in patients with
high CD4, but in patients with CD4 T-cells below 400 high
tetramer frequencies were found despite high viral load.

* Most patients have high levels of HIV-specific T-cell expan-

sions, but many of these cells aren’t functional.

In 15 of the patients, the proportion of IFN gamma producing

tetramer cells correlated with AIDS-free survival.

HXB2 Location p24 (30-40)
Author Location p24 (162-172 SF2)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)

Keywords HAART, ART, acute infection

References |Altfeld et al.[2001b
» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B57+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/0 group 2,
and 2/2 group 3.

HXB2 Location p24 (30-40)
Author Location p24 (163-174)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Appay et al.[2000.
* Combined tetramer and intracellular cytokine staining was used
to study the function of circulating CD8+ T cells specific for
HIV and CMV.
HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.
¢ In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a
distinct subset that failed to produce TNF-c.

HXB2 Location p24 (30-40)
Author Location
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Sabbaj et al.|2002b
¢ Among HIV+ individuals who carried HLA B57, 1/5 (20%)
recognized this epitope.
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HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Epitope name KAF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al.[2002b
* Using previously defined epitopes|Oxenius ef al.|[2000, 2001a]
in an IFN? Elispot assay, 13 chronically HIV-1 infected patients
were studied over a period including therapy with standard
treatment interruptions (STI).
* STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location p24 (30-40)
Author Location p24 (30-40)
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC A*0201, A3, B44, B57, Cw5, Cw6
Assay type CD8 T-cell Elispot - IFNy
Keywords acute infection, early-expressed proteins
References |Cao et al.|2003
All proteins were scanned and optimal epitopes were mapped in
a study of CD8+ gamma IFN T-cell responses in 21 men within
15-92 days post-HIV-1 infection. Subjects initially showed
narrow immune responses with a mean of 2.3 epitopes recog-
nized per patient. The immune response broadened later in
infection. No correlation between the plasma viral load and the
number of recognized epitopes or the frequency of IFN-gamma
secreting cells was observed, and there was no correlation be-
tween the functional avidity of responses and the abundance
of IFN-secreting cells that recognized the epitope. The first
epitopes to be recognized did not tend to be the most avid, and
earliest responses tended to be directed against Nef, Tat, Vpr,
and Env.
All HIV-1 proteins except Vpu were recognized, and responses
to a total of 41 optimal epitopes were characterized; 24 had
been identified previously. 48% of the total T-cell responses
were directed against Nef and 43% were directed against Gag.
Alleles A3, B35, B57, and B62 were more frequently recog-
nized than alleles A1, A2, A30, and A44 e.g., during primary in-
fection. 2/10 patients, 1372 and 1397, recognized A2-restricted
epitopes. The common A2-restricted epitopes Gag SL9 and Pol
IV9 were not recognized in peptide tetramer-binding assays.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type Intracellular cytokine staining
Keywords immunodominance, genital and mucosal im-
munity
References [Kaul e al.12003
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Predefined immunodominant peptide responses were used to
compare CD8+ T-cell responses in the blood and cervix of 16
HIV+ Kenyan sex workers. Cervical responses were detected
in 8/10 women from whom adequate samples could be obtained.
The frequency of the CD8+ T-cell response in the genital tract
was comparable to the blood, with a trend toward being slightly
higher.

The immunodominant response was to this epitope in the
PBMC of 10/16 patients (Kaul ez al. 2001, AIDS, 107:1303).

HXB2 Location p24 (30-40)
Author Location p24 (163-174)
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC A0201, A3, B57, C06, C07 and AO1, A0201,
B08, B57, C6, C7
Country United States.
Assay type cytokine production, Tetramer binding, In-
tracellular cytokine staining, Degranulation,
CD107a and b cell surface mobilization
Keywords TCR usage
References |Betts et al.[2004
Both cytokine production and degranulation in HIV-1 specific
and CMV specific CD8+ T -cells occurs at high peptide con-
centrations together with TCR downregulation. Only degran-
ulation is observed at lower peptide concentrations with no
observed TCR downregulation. Thus the nature of CTL re-
sponse depends not on the specific T cell clonotype or antigen,
but on the concentration of Ag presented on APCs.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Epitope name TW10
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, escape
References |Draenert ez al.[2004b
 This study characterizes the N-terminal flanking position of
the epitope ISPRTLNAW, and mutations in this position are
thought to impact processing. The B57 epitope KAFSPE-
VIPMF was used as a positive control in this study.

HXB2 Location p24 (30-40)
Author Location Gag (155-172 B con)
Epitope KAFSPEVIPMF
Epitope name KF11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords variant  cross-recognition  or  cross-
neutralization
References |Draenert et al.|2004c
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* CD8+ T-cell responses that persisted in individuals with ad-
vanced disease were studied; most of the optimal epitopes
defined were recognized with intermediate to high avidity. On
average 13 (range, 2-39) epitopic regions were targeted in an
average of 6 proteins (range, 1-8). HAART resulted in decrease
in antigen and reduction in gamma IFN EliSpot responses, sug-
gesting active responses to autologous virus. Limited or no
mutations within most viral epitopes suggest that persistent
CTL through late disease do not exert strong immune selection
pressure, yet the Elispot assays show robust responses, suggest-
ing to the authors that gamma IFN based screening methods
may not reveal functional CD8+ T-cell impairment in patients
with AIDS.

Two subjects recognized this epitope, one with high functional
avidity, one with intermediate. Autologous sequence revelaed
no substitutions in this epitope compared to the B consensus.

HXB2 Location p24 (30-40)
Author Location Gag
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References Koning et al.[2004

* A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
1/2 HLA B57+ infection-resistant men, compared to 0/1 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p24 (30-40)
Author Location p24 (30—40)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References [Plana ez al.|2004
¢ Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* 7/7 patients recognized this epitope.

HXB2 Location p24 (30-40)

Author Location (162-172 B consensus)
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Epitope KAFSPEVIPMF
Epitope name KF11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
CTL assay
Keywords immunodominance, characterizing CD8+ T
cell responses
References |Allen ef al.l2004

 This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag pl17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RKO epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope; this
response declined following viral escape (tsNlgeqigw) by day
64. The p17 KK9 and RK9 became immunodominant, but
then declined as the escape mutation arose. FK11 is one of
three other strong responses and that persisted, along with one
sub-dominant response.

HXB2 Location p24 (30-40)
Author Location (C consensus)
Epitope KAFSPEVIPMF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References Kiepiela et al.|[2004
* HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
 This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (30-40)
Author Location p24
Epitope KAFSPEVIPMF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United Kingdom.
Assay type Tetramer binding, T-cell Elispot, Intracellular
cytokine staining
Keywords rate of progression, acute infection, charac-
terizing CD8+ T cell responses, immune dys-
function
References [Papagno er al.[|2004
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* Acute HIV-1 infection induces massive activation of HIV-
specific and non-HIV-specific CD8+ T-cells resulting in differ-
entiation of these cells. High differentiation of CD8+ T-cells is
correlated with disease progression. Differentiation is a natural
process but it can be driven by elevated immune activation,
such as in HIV infection.

HXB2 Location p24 (30-40)
Author Location p24 (153-164)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B57, B58)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References [Kaul ez al.|2001a

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-B57/B58 women, 4/6 HEPS and 12/17 HIV-1
infected women recognized this epitope.
The dominant response to this HLA allele was to this epitope
in 2 of the 4/6 HEPS cases and in 7 of the 12/17 HIV-1 infected
women.

HXB2 Location p24 (30-40)
Author Location p24 (30-40)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57, B58)
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul et al.|2002
Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location p24 (30-40)
Author Location p24 (30—40)
Epitope KAFSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B58)
References |Ferrari ez al.[2000
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* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (31-44)
Author Location p24 (31-44 HXB2)
Epitope AFSPEVIPMFSALS
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.[2003

* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STL.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
The authors did not note the reference strain, but based on the
peptide sequences provided, it appears to be HXB2.
Responses to this peptide were detected in 22% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p24 (31-50)

Author Location p24 (163-182)
Epitope AFSPEVIPMFSALSEGATPQ
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman et al.|[1995

* HIV-specific CTL lines developed by ex vivo stimulation with

peptide.

HXB2 Location p24 (31-50)
Author Location p24 (163-182 SF2)
Epitope AFSPEVIPMFSALSEGATPQ
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman ef al.[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
¢ One of these 12 had CTL response to this peptide.
» The responding subject was HLA-A2, B21.
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HXB2 Location p24 (31-50)

Author Location p24 (163-182 SF2)
Epitope AFSPEVIPMFSALSEGATPQ
Immunogen HIV-1 infection
Species (MHC) human
References |Licberman et al.l|]1997b

* CTL expanded ex vivo were later infused into HIV-1 infected

patients.

HXB2 Location p24 (31-50)
Author Location p24 (SF2)
Epitope AFSPEVIPMFSALSEGATPQ
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld ez al.|2000
* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
* The response to the peptide was CD4 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p24 (32-40)
Author Location Gag (164-172)
Epitope FSPEVIPMF
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC A3, A28, B53, B57
Assay type Chromium-release assay
Keywords TCR usage, genital and mucosal immunity
References Musey et al.|2003

* CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCR? VDIJ region sequenc-
ing revealed cases of expansion of the same clone in different
compartments.

* CD8+ T cell clones directed at this epitope were derived from
blood and semen.

* The TCR? VDIJ rearrangement of a CTL clone from the
blood was VB21S3DJ1.2, and a clone from the semen used
VB7S1DJ2.3.

HXB2 Location p24 (35-43)
Author Location p24 (167-175 LAI)
Epitope EVIPMFSAL
Subtype B
Immunogen
Species (MHC) human (A*2601)
Keywords inter-clade comparisons
References |Goulder ez al.|1996a
* Identified as optimal epitope within Gag sequence AFSPE-
VIPMFSALSEGATPQ.
* Relatively conserved epitope within B clade and in other clades.
* Suspected binding motif for HLA-A26 includes T or V anchor
at position 2, negative charge at position 1.
 C. Brander notes that this is an A*2601 epitope in the 1999
database.

HXB2 Location p24 (35-43)
Author Location p24 (167-175 LAI)
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Epitope EVIPMFSAL
Subtype B
Immunogen
Species (MHC) human (A*2601)
Keywords optimal epitope
References |[Frahm et al.|2004
¢ C. Brander notes that this is an A*2601.

HXB2 Location p24 (35-43)
Author Location p24 (167-175)
Epitope EVIPMFSAL
Immunogen HIV-1 infection
Species (MHC) human (A26)
Keywords immunodominance
References |Betts et al.[2000
e Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
e 1/11 of the A2+ individuals that didn’t respond to SLYNTVATL
reacted with seven other epitopes including this epitope.

HXB2 Location p24 (35-43)
Author Location Gag
Epitope EVIPMFSAL
Epitope name EL9
Immunogen HIV-1 infection
Species (MHC) human (A26)
Donor MHC A26, B27
Assay type CDS8 T-cell Elispot - IFNy
Keywords responses in children, rate of progression, im-
munodominance, escape

References Feeney e al.|2004
Viral load in a perinatally infected child remained low until
emergence of an escape variant (kTwiilglnk) in the immuno-
dominant CTL epitope KRWIILGLNK when the child was 7.4
years old. The emergence of this escape mutation was followed
by an increase in viremia and an increase in the number of
targeted CTL epitopes, measured again when the child was 9.2
years old. The EL9 response was not observed until after the
escape mutation occurred in the immunodominant epitope, and
was detected in the 9.2 year sample for the first time.

HXB2 Location p24 (35-49)
Author Location p24 (35-48 HXB2)
Epitope EVIPMFSALSEGATP
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.[2003
* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STL.

HIV Molecular Immunology 2005

HIV CTL Epitope Tables

* 63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.

* Responses to this peptide were detected in 16% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p24 (36-43)
Author Location p24 (168-175 LAI)
Epitope VIPMFSAL
Subtype B
Immunogen
Species (MHC) human (Cw*0102 (Cw1))
Keywords optimal epitope
References [Frahm ez al.|2004
* C. Brander notes this is a C*0102(Cw1) epitope.

HXB2 Location p24 (36-43)
Author Location p24 (168-175 LAI)
Epitope VIPMFSAL
Subtype B
Immunogen
Species (MHC) human (Cw*0102, Cw1)
References |(Goulder et al.[1997b

HXB2 Location p24 (36-43)
Author Location p24 (168-175)
Epitope VIPMFSAL
Immunogen HIV-1 infection
Species (MHC) human (Cw1, Cw2)
Keywords immunodominance
References [Betts et al/2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
* 1/11 of the A2+ individuals that didn’t respond to SLYNTVATL
reacted with seven other epitopes including this epitope.

HXB2 Location p24 (37-52)
Author Location Gag (169-184 LAI)
Epitope IPMFSALSEGATPQDL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B12)
References |Buseyne et al.|1993a
* Vertical transmission of HIV ranges from 13% to 39%
* Primary assays showed that cytotoxic activity against at least
one HIV protein was detected in 70% of infected children.
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 Epitopes recognized in five children were mapped using syn-
thetic peptides and secondary cultures.

» Patient EM17 (CDC P2A+C+D2) had a CTL response to two
epitopes in Gag.

HXB2 Location p24 (37-52)
Author Location p24 (169-184 LAI)
Epitope IPMFSALSEGATPQDL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B12(44))
References Buseyne et al.[1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-
infected people.

HXB2 Location p24 (37-52)
Author Location p24 (37-52)
Epitope IPMFSALSEGATPDQL
Immunogen HIV-1 infection
Species (MHC) human (B44)
References |[Ferrari e al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (39-58)
Author Location Gag (171-190)
Epitope MFTALSEGTPQDLNTMLNT
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Keywords inter-clade comparisons
References Novitsky et al.|[2002
* HLA, viral sequence, and Elispot data was obtained from 105
HIV-1 positive Botswanans; Elispot data was obtained from
between 55 and 64 subjects for each HIV protein.
* Nef and p24 had the highest percentage of reactive peptides,
and p24 had the highest magnitude of HIV-1 responses.
 This peptide was among the 8 most reactive C clade peptides
from among over 350 tested spanning all HIV proteins.

HXB2 Location p24 (41-60)
Author Location p24 (173-192 SF2)
Epitope SALSEGATPQDLNTMLNTVG
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
 Three of these 12 had CTL response to this peptide.
* The responding subjects were HLA-A3, A32, B7, B14; and
HLA-A2, A3, B14, B44.

HXB2 Location p24 (41-60)
Author Location p24 (173-192 SF2)
Epitope SALSEGATPQDLNTMLNTVG
Immunogen HIV-1 infection
Species (MHC) human

134

Gag p24 CTL, CD8+, epitopes

References |Lieberman et al.l[1997b
* CTL expanded ex vivo were later infused into HIV-1 infected
patients.

HXB2 Location p24 (41-60)
Author Location p24 (SF2)
Epitope SALSEGATPQDLNTMLNTVG
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld et al/2000
* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
* The response to the peptide was CDS8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p24 (41-60)
Author Location p24 (179-188 subtype A)
Epitope SALSEGATPQDLNMMLNIVG
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B*8101)
Keywords inter-clade comparisons
References [Dorrell ef al.][1999
* CTL responses in three individuals with non-clade B infections
were studied, 2 with subtype A infections, 1 with subtype C —
their infections all originated in East Africa.
This CTL epitope is presented by B*8101 in one of the patients
with an A subtype infection — B*8101 is a newly discovered
HLA allele found in Africans, and the epitope has yet to be
mapped precisely.
This epitope is distinct in subtype A relative to subtypes B, C,
and D which share the dominant sequence: SALSEGATPQDL-
NTMLNTVG.

HXB2 Location p24 (41-62)
Author Location p24 (173-194 BH10)
Epitope SALSEGATPQDLNTMLNTVGGH
Immunogen HIV-1 infection
Species (MHC) human (B14)
References |Johnson et al.[1991
* Gag CTL response studied in three individuals.

HXB2 Location p24 (43-52)
Author Location Gag (175-184 WEAU)
Epitope LSEGATPQDL
Epitope name Gag LL10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*4403)
Donor MHC A*2902, B*4403, B*0801
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, escape, kinet-
ics, characterizing CD8+ T cell responses, re-
version, viral fitness
References \Jones ez all2004
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¢ Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.

* The patient WEAU had high viral loads and rapid CD4 decline.
WEAU mounted 14 detected CTL responses, with distinct
patterns of immunodominance. WEAU did not control viral
replication well, and escape mutations occurred early and 4/14
had changes that could have resulted in escape, and two were
confirmed as escape.

* There was a weak response to this epitope during acute and
early infection, and the epitope sequence did not vary during
the first year of the infection.

HXB2 Location p24 (43-52)
Author Location p24 (subtype A)
Epitope LSEGATPQDL
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B42, B44)
Keywords inter-clade comparisons
References |Cao et al.ll2000

HIV-1 subtypes A and D dominate the Ugandan epidemic, and
a vaccine trial using B clade antigen is underway — this study
addresses relative levels of cross-reactive CTL responses in
Ugandans to A, D, and B clade recombinant vaccinia viruses
expressing Gag, Env, Pol, RT or Nef from HIV-1 clades A, B,
and D.
Proteins corresponding to the subtype of the infecting strains
tended to trigger higher levels of CTL response measured by
percent specific lysis, but there was extensive inter-subtype
cross-reactivity with B clade proteins and the co-circulating
subtype.
» This optimal epitope sequence, recognized by CTL derived

from a Ugandan with an A subtype infection (patient SP 511),

is cross-reactive with subtypes A, B and D peptides.

HXB2 Location p24 (44-52)
Author Location p24 (176-184)
Epitope SEGATPQDL
Immunogen
Species (MHC) human (B*4001)
Keywords optimal epitope
References [Frahm ez al.|2004
 C. Brander notes this is a B¥4001, B60 epitope.

HXB2 Location p24 (44-52)
Author Location p24
Epitope SEGATPQDL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (B60)
Donor MHC A2, A24, B38, B60, Cw2, Cw12
Assay type CDS8 T-cell Elispot - IFNy
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Keywords HAART, ART, supervised treatment interrup-
tions (STI), acute infection, early treatment
References [Montefiori et al.|2003
* HIV-1 + patient AC10 underwent early HAART treatment,
which was discontinued 1.5 years later. At this timepoint po-
tent NAD responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NADb re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location p24 (44-52)
Author Location p24 (44-52 NL43)
Epitope SEGATPQDL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay, CTL suppression of
replication

Keywords escape

References Yang et al.[2003a
* Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGY,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
Gag and RT epitope escape, if it occurred at all, tended to be
monoclonal and within the epitope, indicating strong fitness
constraints, while the Nef epitope escape was rapid, polyconal,
and sometimes the result of upstream frameshifts.
One CTL clone, 161Jx12, recognized this epitope, and ap-
parently no resistance mutations were selected by this clone,
although the data was not shown in the paper.

HXB2 Location p24 (44-52)
Author Location p24 (176-184)
Epitope SEGATPQDL
Epitope name Gag/p24-SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay
Keywords binding affinity, TCR usage, characterizing
CD8+ T cell responses
References |Yang et al.|2003b

* Killing efficiency of CTLs and their ability to suppress viral
replication is shown to depend more on epitope specificity than
to antigenic avidity. Different clones recognizing the same
epitope had similar killing efficiency despite their variation in
avidity. Nef specific CTL clones tended to be most inhibitory,
followed by Gag, then by RT specific clones, regardless of
avidity.

* 1/14 CTL T-cell clones tested were specific for Gag/p24-SL9.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effector
capacity. Avidity was measured as the sensitizing dose of pep-
tide required for 50% of maximal killing (SD50), which varied
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from 20 pg/ml to 100 ng/ml, over four orders of magnitude
for all 14 epitopes. The SD50 value for Gag/p24-SL9 was 30
pg/ml, it was among the peptides with the highest avidity.

HXB2 Location p24 (44-52)
Author Location p24 (HXB2)
Epitope SEGATPQDL
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (B60)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, vaccine antigen design,
characterizing CD8+ T cell responses
References |SenGupta et al.|2004
Multiple HLA calss I-restricted and class II-restricted T-cell
epitopes were shown to be processed and presented from an
exogenously added HIV-1 gag-p24 peptide complexed to a
heat shock protein. T-cell recognition of the complex was
shown to be inhibited by brefeldin A indicating an endoplasmic
reticulum-dependent pathway.

HXB2 Location p24 (44-52)
Author Location p24 (SF2)
Epitope SEGATPQDL
Immunogen HIV-1 infection
Species (MHC) human (B60, B*4001)
References |Altfeld et al.[2000
 This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes.
* B60 is present in 10-20% of the Caucasoid and very common
in Asian populations.

HXB2 Location p24 (44-52)
Author Location p24 (44-52)
Epitope SEGATPQDL
Immunogen HIV-1 infection
Species (MHC) human (B60, B61)
Keywords immunodominance
References Day et al.[2001

* No immunodominant responses were detected to five B61-
restricted epitopes tested.

* All five B60-restricted epitopes were reactive in another subject,
the strongest CTL response directed against the B60-epitope
p24 SEGATPQDL, and the B60-restricted responses together
contributed over one-third of the total CTL response.

HXB2 Location p24 (46-59)
Author Location p24 (SF2)
Epitope GATPQDLNTMLNTV
Immunogen HIV-1 infection

Species (MHC) human

Keywords inter-clade comparisons, immunodominance

References |Goulder et al.|2000a

The CTL-dominant response was focused on this epitope in a
HIV+ African American living in Boston with HLA A*3002/68
B14/%5802 Cw6/8 — this epitope fell within the most recognized
peptides in the study.
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* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

» Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p24 (47-55)
Author Location p24 (47-55)
Epitope ATPQDLNTM
Immunogen HIV-1 infection
Species (MHC) human (B7)
References |Ferrari et al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (47-56)
Author Location p24 (subtype A)
Epitope ATPQDLNMML
Subtype A
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B53)
References |[Kaul ez al.[2000

* 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T-cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T-cell responses.

* Low risk individuals did not have such CD8+ cells.

* CD8+ T-cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location p24 (47-58)
Author Location p24 (181-192)
Epitope CTPYDINQMLNC
Immunogen HIV-2 infection
Species (MHC) human (B58)
References [Bertoletti[1998
» HIV-2 epitope defined from an infection in Gambia, Bertoletti,
pers. comm.

HXB2 Location p24 (48-55)
Author Location p24 (48-55)
Epitope TPQDLNTM
Immunogen HIV-1 infection
Species (MHC) human (B7)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References [Plana ez al.J2004
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Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.

Less than 2 of 7 patients recognized this epitope.

HXB2 Location p24 (48-56)
Author Location Gag
Epitope TPQDLNTML
Immunogen HIV-1 infection
Species (MHC) human
Assay type CDS8 T-cell Elispot - IFNy
Keywords assay standardization/improvement, epitope
processing, characterizing CD8+ T cell re-
sponses
References |Beattie et al.[2004

¢ This study compared CD8+ T-cell EliSpot reponses to 58 Gag
peptides that were optimal epitopes, with responses to overlap-
ping 15 mers that spanned Gag. When screening for HIV-1-
specific CD8+ T-cell responses from 49 HIV+ people, over-
lapping 15-mer peptide pools revealed several novel responses
that would have been missed using predefined CD8 epitopes.
However, the 15-mer pools often missed low-level responses
to predefined epitopes, especially when the epitope was lo-
cated centrally in the 15-mer peptide, and the overall level of
response to the 15 mers was generally lower(mean 1.4 five fold
dilutions lower, range 0-3).

* The response to TPQDLNTML was used as an example of a
titration curve. When comparing the peptide TPQDLNTML to
the 15 mer EGATPQDLNTMLNTY, the 15 mer had a dimin-
ished response to the same amount of peptide.

HXB2 Location p24 (48-56)
Author Location Gag (96ZM651.8)
Epitope TPQDLNTML
Epitope name G180-TL9
Immunogen

Species (MHC) human (A*4201, B*8101)

Keywords inter-clade comparisons, immunodominance

References [Novitsky et al.|[2001

This study provides a survey of CTL responses and full length
HIV-1 genome sequences from a C subtype infected Botswanan
cohort.
19/46 (41.3%) had CTL responses to one or more peptides
within the first immunodominant region of Gag (peptides TL-
NAWVKVIEEKAFSPEVIP, EKAFSPEVIPMFTALSEGAT,
and MFTALSEGATPQDLNTMLNT), with magnitudes of re-
sponse with ELISPOT results median and range 495 (103 to
1,447) SFC/10° PBMC
7/11 HLA-A*4201+ subjects (64%) responded to peptide MF-
TALSEGATPQDLNTMLNT.
TPQDLNTML is a A*4201
NAWVKVIEEKAFSPEVIP.

epitope  within TL-

HXB2 Location p24 (48-56)
Author Location p24 (180-188 IIIB)
Epitope TPQDLNTML
Immunogen HIV-1 infection
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Species (MHC) human (B*0702)
Keywords optimal epitope
References [Frahm ez al.|2004
* C. Brander notes this is a B*0702 epitope.

HXB2 Location p24 (48-56)
Author Location p24 (179-187 LAI)
Epitope TPQDLNTML
Subtype B
Immunogen
Species (MHC) human (B*4201)
Keywords optimal epitope
References |[Frahm ez al.12004
* C. Brander notes this is a B*¥4201 epitope.

HXB2 Location p24 (48-56)

Author Location p24
Epitope TPQDLNTML

Epitope name TL-9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*4201, B¥8101)

Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords inter-clade comparisons, epitope processing,
immunodominance, cross-presentation by dif-
ferent HLA

References [Masemola et al.|2004b

* Highly targeted regions in Gag for CD8+ T-cells were de-
fined for individuals with C clade infections in South Africa.
Nine specific epitopes within the most reactive regions were
characterized. Some epitopes were shown to be promiscuous,
presented by multiple class I restricting alleles.

* TPQDLNTML was presented by B*4201 and B*8101. B*44 is
more common among Caucasians than Zulus (allele frequency
0.149 versus 0.107), while A*29 is more common in Zulus
(0.045 versus 0.125). This epitope had previously identified in
B clade infections.
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HXB2 Location p24 (48-56)
Author Location Gag (173-181 HIV-2)
Epitope TPYDINQML
Immunogen HIV-2 infection
Species (MHC) human (B*5301)
Keywords optimal epitope
References |[Frahm ez al.[2004
* C. Brander notes this is a B*¥5301 epitope.

HXB2 Location p24 (48-56)
Author Location p24 (180-188 LAI)
Epitope TPQDLNTML
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*8101)
Keywords optimal epitope
References [Frahm et al.|2004
* C. Brander notes this is a B*¥8101 epitope.
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HXB2 Location p24 (48-56)
Author Location
Epitope TPQDLNTML
Epitope name Gag-TL9
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (B*8101, B*5301, B7)

Donor MHC A*3402 A*7401 B*5301 B*8101 Cw*0401

Cw*0802
Keywords HAART, ART
References |Sabbaj et al.|2002b

This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.
24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.
Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.
Subjects 00RCH86 and 03RCHS59 both recognized this epitope,
both restricted by HLA B*8101.
Subject 00ORCH86 was African American, not on HAART, viral
load 51000, CD4 count 520.
Subject 03RCHS59 was African American, male, on HAART,
viral load 22000, CD4 count 769.
Among HIV+ individuals who carried HLA B07, 2/9 (22%)
recognized this epitope.
Among HIV+ individuals who carried HLA B*5301, 3/15
(20%) recognized this epitope.
Among HIV+ individuals who carried HLA B81, 4/6 (67%)
recognized this epitope.

HXB2 Location p24 (48-56)

Author Location (C consensus)

Epitope TPQDLNTML

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (B39, B*4201, B*8101, Cw*0802)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords cross-presentation by different HLA, charac-
terizing CD8+ T cell responses
References [Kiepiela ez al.[2004

e HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (48-56)
Author Location p24 (C consensus)
Epitope TPQDLNTML
Immunogen HIV-1 infection
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Species (MHC) human (B42)
Keywords inter-clade comparisons, immunodominance
References |Goulder ez al.|2000a

* B42 and B81 are very similar, and both can present this epitope
to B42-positive effector cells — this epitope is almost certainly
optimal for B81 as well — B42 and or B81 are expressed in
40-45% of Zulu and Xhosa infected individuals in South Africa,
and in 14/18 B42 or B81+ individuals, the dominant gag re-
sponse was to TPQDLNTML.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects.

HXB2 Location p24 (48-56)
Author Location Gag
Epitope TPQDLNTML
Immunogen HIV-1 infection
Species (MHC) human (B42)
References |Goulder ez al.[2000b
 Tetramer assays were compared with three functional assays in
42 people with chronic HIV infection: ELISPOT, intracellular
cytokine staining, and precursor frequency (limiting dilution
assay [LDA]).
» HIV-specific tetramer staining CTLs appeared to be active, and
inert CTL were not found to play a significant role in chronic
pediatric or adult HIV infection.

HXB2 Location p24 (48-56)
Author Location p24
Epitope TPQDLNQML
Immunogen
Species (MHC) human (B53)
References [Rowland-Jones et al.[1999

» CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.

* HIV-2 sequence: TPYDINQML, no cross-reactivity, |Gotch
et al.|[1993]

HXB2 Location p24 (48-56)

Author Location Gag (173-181 HIV-2)
Epitope TPYDINQML
Immunogen HIV-2 infection

Species (MHC) human (B53)
References |Gotch et al.|[1993

HXB2 Location p24 (48-56)
Author Location Gag (180-188 subtype A)
Epitope TPQDLNMML
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Subtype A
Immunogen HIV-1 infection, in vitro stimulation or selec-
tion
Species (MHC) human (B53)
Keywords inter-clade comparisons
References |Dorrell e al.|2001
In vitro restimulation of CTL specific for dominant epitopes
from infected individuals is possible using recombinant mod-
ified vaccinia virus Ankara (MVA) carrying A or D subtype
HIV-1 Gag proteins.

HXB2 Location p24 (48-56)
Author Location p24 (180-188 subtype A consensus)
Epitope TPQDLNMML
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B53)
Keywords inter-clade comparisons, immunodominance,
TCR usage
References |Dorrell e al.|2001

¢ In clade A infected Gambians, three HLA-B53 epitopes were
defined in Gag p24 using ELISPOT, tetramer, and cytotoxicity
assays.

« This optimal epitope was identified within the 20 mer reactive
peptide that carried it by homology with a B53 epitope from
HIV-2, a B subtype B7 peptide that corresponds to it, as B53 is
part of the B7 superfamily, and by the proline in the anchor at
position 2.

* TPQDLNMML was recognized in 6/7 HLA-B53 subjects and
was immunodominant in most subjects.

* TPQDLNMML was A subtype-specific with no cross-
recognition of the subtype B, C, and D variant, TPQDLNTML,
although the B/C/D variant bound more efficiently to B53 —
position 7 show great positional variation in crystal structures
of two HLA-B53 complexes, suggesting variation here might
significantly alter the position of the peptide in the binding
groove and thus affect TCR interactions.

* Only one subject might have had a cross-reactive response with
the HIV-2 and Mamu-A*01 variant CTPYDINQML, and this
subject might have been dual infected with HIV-2.

HXB2 Location p24 (48-56)
Author Location p24
Epitope TPQDLNMML
Immunogen HIV-1 infection
Species (MHC) human (B53)
Assay type Intracellular cytokine staining
Keywords immunodominance, genital and mucosal im-
munity
References [Kaul et al.|2003
Predefined immunodominant peptide responses were used to
compare CD8+ T cells responses in the blood and cervix of 16
HIV+ Kenyan sex workers. Cervical responses were detected
in 8/10 women from whom adequate samples could be obtained.
The frequency of the CD8+ T cell response in the genital tract
was comparable to the blood, with a trend toward being slightly
higher.
The immunodominant response was to this epitope in the
PBMC of 2/16 patients (Kaul et al. 2001, AIDS, 107:1303).
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HXB2 Location p24 (48-56)
Author Location p24 (180-188 IIIB)
Epitope TPQDLNTML
Immunogen HIV-1 infection
Species (MHC) human (B7)
Keywords responses in children, mother-to-infant trans-
mission, escape
References [Wilson et al.[1999a

* This study describes maternal CTL responses in the context of
mother-to-infant transmission.

* Detection of CTL escape mutants in the mother was associated
with transmission, but the CTL-susceptible forms of the virus
tended to be found in infected infants.

* No variants of this epitope were found in a non-transmitting
mother that had a CTL response to this epitope.

HXB2 Location p24 (48-56)
Author Location p24 (180-188)
Epitope TPQDLNTML
Immunogen HIV-1 infection
Species (MHC) human (B7)
Keywords immunodominance
References \Jin ez al.|2000b!
* This is the optimal epitope for the immunodominant response
defined using a conventional approach in an HLA B7+ long-
term non-progressor.
Three additional sub-dominant HLA B7 epitopes were defined
using EpiMatrix, a non-anchor based strategy for defining po-
tential epitopes, which highlighted 2078 possible epitopes in
the autologous HIV-1 derived from the study subject — this was
followed by B7 anchor residue prediction which narrowed the
set to 55 peptides, three of which could serve as functional
CTL epitopes.

HXB2 Location p24 (48-56)
Author Location p24 (SF2)
Epitope TPQDLNTML
Epitope name TL9
Immunogen HIV-1 infection
Species (MHC) human (B7)
References |Goulder et al.|2001a
* Recognized by patient 9354 during chronic infection, used as a
positive control in a study of the SLYNTVATL epitope.

HXB2 Location p24 (48-56)
Author Location p24 (48-56)
Epitope TPQDLNTML
Immunogen HIV-1 infection
Species (MHC) human (B7)
Keywords rate of progression, acute infection
References |Day et al.[2001

* The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP)

* 2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.

139

+
2]
(]
o
-l
[
o




()
—
=
o
O
[*+]
+

HIV CTL Epitope Tables

* Subjects with chronic HIV-1 infection recognized between 2-8
out of 11 B7-restricted epitopes.

* An acute seroconvertor homozygous for the B7 allele recog-
nized five B7-restricted epitopes.

* The other acute seroconvertor failed to recognize any of the 11
B7-restricted epitopes tested.

* The B7-restricted CTL response was highly variable and there
was no clearly dominant epitope.

HXB2 Location p24 (48-56)
Author Location p24 (48-56)
Epitope TPQDLNTML
Epitope name B7-TL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), acute infection
References |Yu et al.J2002a

e CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.

¢ One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

* 1/11 HLA-B7 individuals had detectable B7-restricted re-
sponses to this epitope during acute infection — 10/15 of HLA-
B7 epitopes tested were targeted by at least one person during
acute infection. 1/4 individuals had detectable responses to this
epitope after STI.

HXB2 Location p24 (48-56)

Author Location p24

Epitope TPQDLNTML
Epitope name B7-TL9(p24)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC A32, A?, B7,B14
Keywords HAART, ART, supervised treatment interrup-
tions (STID)
References |Altfeld et al.[2002b

e Peripheral blood (PB) and lymph node (LN) CD8+ T-cell re-
sponses were compared in 15 asymptomatic HIV-1 infected
patients using all known optimal CTL epitopes (http://hiv-
web.lanl.gov/content/hiv-db/REVIEWS/brander2001.html) for
each person’s class I HLA alleles.

* 60 epitope responses were detected in both PB and LN samples
of the 15 patients, and an additional 8 responses were detected
only in LN. The total magnitude of the response was similar
in LN and PB, but the percentage of CD8+ T cells in the LN
is lower so the number of HIV-specific cells per million CD8+
T-cells is higher in the LN.
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* 1 year post-HAART treatment in five patients studied, the
magnitude of the CD8+ T-cell response was decreased in both
LN and PB, but more dramatically in PB, and 13/25 epitope
responses in the PB became undetectable, in contrast to 5/26 in
the LN.

Treatment interruption following HAART induced resulted
in increased viremia accompanied by the restoration of the
detection of 13 epitopes that had become undetectable in the
PB, and the addition of 9 novel epitope responses.
Breakdowns of epitope responses were shown for 4 individu-
als. Patient A displayed the greatest response to epitope B14-
EL9(gp41), a strong response to B7-TL9(p24), and responses
to B7-TM9(Nef) and A32-PW10(RT).

HXB2 Location p24 (48-56)
Author Location p24 (48-56)
Epitope TPQDLNTML
Epitope name B7-TL9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Assay type CD8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld et al.l2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response, but in this case the epitope did not
vary.

HXB2 Location p24 (48-56)
Author Location (B consensus)
Epitope TPQDLNTML
Epitope name TL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC AO03, B07, Cw7
Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay
Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses
References |Lichterfeld ef al.|2004c
*» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both [FN-gamma and
TNF-alpha exibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.
* 1/9 individuals recognized this epitope

HXB2 Location p24 (48-56)

Author Location p24 (HXB2)
Epitope TPQDLNTML
Subtype B
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Immunogen in vitro stimulation or selection
Species (MHC) human (B7, Cw8, B42)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, vaccine antigen design,
characterizing CD8+ T cell responses
References |SenGupta et al.|2004
* Multiple HLA class I-restricted and class II-restricted T-cell
epitopes were shown to be processed and presented from an
exogenously added HIV-1 gag-p24 peptide complexed to a
heat shock protein. T-cell recognition of the complex was
shown to be inhibited by brefeldin A indicating an endoplasmic
reticulum-dependent pathway.

HXB2 Location p24 (48-56)
Author Location p24 (180-188 LAI)
Epitope TPQDLNTML
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (Cw*0802 (Cw8))
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes this is a C*0802(Cw8) epitope.

HXB2 Location p24 (48-57)
Author Location Gag
Epitope TPQDLNMMLN
Immunogen
Species (MHC) human (B7)
References [De Groot er al.2001
¢ The program Epimatrix was used in conjunction with the pro-
gram Conservatrix to identify conserved regions of HIV that
might serve as epitopes.
A subset of the potential epitopes was identified that could bind
to the appropriate HLA-allele, and 15 predicted B7 superfamily
(HLA B7, B8, and B58) epitopes were identified that could
stimulate IFNy production in an ELISPOT assay.
* TPQDLNMMLN was newly defined as an HLA-B7 epitope
in this study, athough it was previously published as a B*8101
epitope.
TPQDLNMMLN was shown to stimulate an ELISPOT re-
sponse, but could not be shown to bind to HLA-B7.
The variant TPQDLNTMLN was cross-reactive, had previously
been identified as a HLA-B14 epitope, and could bind to HLA-
B7.

HXB2 Location p24 (48-57)
Author Location Gag
Epitope TPQDLNMMLN
Epitope name 1309
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC AO03, A24, B07, B38, Cw07, Cw12/13
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion
References [De Groot ef al.2003

HIV Molecular Immunology 2005

HIV CTL Epitope Tables

* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.

 Estimated binding probability for TPQDLNMMLN: 31%.

HXB2 Location p24 (48-57)
Author Location Gag
Epitope TPQDLNTMLN
Epitope name 1308
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (B7, B14)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References |De Groot et al.|2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
* Estimated binding probability for TPQDLNTMLN: 31%. This
epitope was not confirmed in this study, but has been reported
to be a B14 epitope.

HXB2 Location p24 (49-57)

Author Location p24 (181-189 LAI)

Epitope PQDLNTMLN
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B14, Cw8)
References |Lubaki et al.|1997

* Eighty two HIV-1-specific CTL clones from 5 long-term non-
progressors were isolated and analyzed for breadth of response.

* A sustained Gag, Env and Nef response was observed, and
clones were restricted by multiple HLA epitopes, indicating a
polyclonal response.

* Despite this being a well defined conserved epitope, none of
the 11 gag-specific clones from a B-14 positive subject could
recognize either it or p24 RAEQASQEV.

* Christian Brander notes that B14 and CwS8 are in linkage dise-
quilibrium, and that this epitope may be CwS§.

HXB2 Location p24 (51-59)
Author Location p24
Epitope DLNTMLNTV
Immunogen HIV-1 infection
Species (MHC) chimpanzee
References [Santra et al.]1999
* 3/4 animals displayed HIV-1 Gag-specific CTL activity.
« Effector cells from two chimpanzees were able to recognize two
epitopes also recognized by human HIV-1 Gag-specific CTL
(SPRTLNAWYV, HLA-B7, and DLNTMLNTYV, HLA-B14).
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* No chimpanzee CTL were detected to the following human
HIV-1 specific Gag epitopes, although they were embed-
ded within 20mer peptides that contained a reactive epitope:
ISPRTLNAW, HLA-B57; KRWIILGLNK, HLA-B27; and
DRFYKTLRA, HLA-B14.

HXB2 Location p24 (51-59)
Author Location p24 (subtype A)
Epitope DLNMMLNIV
Subtype A
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B14)
References |[Kaul ez a/./2000
* 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T-cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T-cell responses.
Low risk individuals did not have such CD8+ cells.
CD8+ T-cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCEF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location p24 (51-59)

Author Location p24

Epitope DLNMMLNIV
Immunogen HIV-1 infection

Species (MHC) human (B14)

Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul et al.|2001c

This study examines CTL responses in HIV exposed, persis-

tently seronegative individuals, HEPS, who eventually serocon-

verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.

» The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.

« This epitope was recognized in 1/22 HEPS sex worker controls,
ML1792.

HXB2 Location p24 (51-59)

Author Location p24 (183-191 LAI)

Epitope DLNTMLNTV
Epitope name G5
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B14)
Keywords HAART, ART
References Mollet et al.[2000:

* A panel of 16 epitopes covering 15 class I alleles was tested
in 14 HIV+ patients from an unselected Caucasian population
treated with HAART, using CD8+ cell IFNgamma production
to measure responses.
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* In general, during the first month of treatment viral load de-
creased and frequencies of HIV-specific CTL tripled and broad-
ened — eight new HIV specificities that were not previously
detectable were newly detected, as were CMV specific CD8+
PBL - but with continued viral suppression, HIV-specific re-
sponses diminished.

Viral rebounds gave different patterns of response: increases
or decreases in pre-existing response, new specificities, or no
change.

HXB2 Location p24 (51-59)
Author Location p24 (183-191)
Epitope DLNMMLNIV
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B14)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References [Kaul ez al.|2001a
* Variants DLNMMLNIV/DLNTMLNVYV are specific for clades
A/B.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-B14 women, 4/4 HEPS and 3/7 HIV-1 infected
women recognized this epitope, likelihood ratio 4.8, p value
0.1, and HEPS women tended to respond to DLNMML-
NIV/DLNTMLNVYV, while infected women tended to respond
to DRF(F/W)KTLRA.
The dominant response to this HLA allele was to this epitope
for all 4/4 HEPS cases and in only one of the 3/7 HIV-1 infected
women.
Differences in epitope specificity were only seen for responses
restricted by class I HLA alleles A2, A24, A*6802, B14, and
B18, previously shown to be associated with resistance to
HIV-1 in this cohort.
Four epitopes were considered to be “resistant epitopes”, as
they were preferentially reactive in HEPS women and so may
confer resistance, and these were found in three different pro-
teins: A2 ILK(D/E)PVHGYV in RT, A*6802 DTVLEDINL in
Protease, B14 DLN(M/T)LN(I/V)V in p24 and B18 FRDY V-
DRF(Y/F)K also in p24.

HXB2 Location p24 (51-59)
Author Location p24
Epitope DLNMMLNIV
Immunogen HIV-1 infection
Species (MHC) human (B14)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul e al./2002
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Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.

Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

.

HXB2 Location p24 (51-59)
Author Location p24 (183-191 LAI)
Epitope DLNTMLNTV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B14, Cw8)
References Johnson et al.||1992; [Nixon et al.|1988
* Recent evidence indicates this is a Cw8 epitope; B14 and Cw8§
are in linkage disequilibrium and the HLA presenting molecule
is hard to distinguish (P. Goulder, personal communication).

HXB2 Location p24 (51-59)
Author Location p24
Epitope DLNTMLNTV
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B14, Cw8)
Keywords inter-clade comparisons, HIV exposed persis-
tently seronegative (HEPS)
References [Rowland-Jones er al.l|1998a
* A CTL response was found in exposed but uninfected prosti-
tutes from Nairobi using previously-defined B clade epitopes
that tended to be conserved in A and D clades — such cross-
reactivity could protect against both A and D and confer pro-
tection in Nairobi where both subtypes are circulating.
The A subtype consensus is identical to the B clade epitope.
The D subtype consensus is ALNmMLNiV.
Recent evidence indicates this is a Cw8 epitope;B14 and Cw8
are in linkage disequilibrium and the HLA presenting molecule
is hard to distinguish (P. Goulder, personal communication).

HXB2 Location p24 (51-59)
Author Location p24 (183-191 LAI)
Epitope DLNTMLNTV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (Cw8)
Keywords review
References IMcMichael & Walker|1994
* Review of HIV CTL epitopes — defined by B14 motif found
within a larger peptide.
* Recent evidence indicates this is a Cw8 epitope;B14 and Cw8
are in linkage disequilibrium and the HLA presenting molecule
is hard to distinguish (P. Goulder, personal communication).

HXB2 Location p24 (51-59)
Author Location p24 (subtype B)
Epitope DLNTMLNTV
Subtype B
Immunogen HIV-1 exposed seronegative
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Species (MHC) human (Cw§8, B*1402)

Keywords inter-clade comparisons

References [Rowland-Jones ez al.[1998b

HIV-specific CTL were found in exposed seronegative prosti-
tutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 expo-
sure is among the highest in the world.
Most isolated HIV strains are clade A in Nairobi, although
clades C and D are also found — B clade epitopes are often cross-
reactive, however stronger responses are frequently observed
using A or D clade versions of epitopes.
This epitope is conserved among B and D clade viruses.
The Clade A version of the epitope, DLNNMLNIV, was pref-
erentially recognized by CTL.
Recent evidence indicates this is a Cw8 epitope;B14 and Cw8
are in linkage disequilibrium and the HLA presenting molecule
is hard to distinguish (P. Goulder, personal communication).

HXB2 Location p24 (51-60)
Author Location Gag
Epitope DLNTMLNTVG
Epitope name 1238
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2, B14)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References |De Groot et al.|2003
» Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
* Estimated binding probability for DLNTMLNTVG: 65%. This
epitope was not confirmed in this study, but was previously
reported to be presented by B14.
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HXB2 Location p24 (51-70)
Author Location p24 (183-202 SF2)
Epitope DLNTMLNTVGGHQAAMQMLK
Immunogen HIV-1 infection
Species (MHC) human
References |[Lieberman et al.|[1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A26, A30, B38.

HXB2 Location p24 (51-82)
Author Location Gag (183-214 LAI)
Epitope DLNTMLNTVGGHQAAMQMLKETINEEAAEWDR
Subtype B
Immunogen Vaccine
Vector/Type: lipopeptide
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Species (MHC) human
References |(Gahery-Segard et al.|2000

* Anti-HIV lipopeptide vaccine consisting of six long amino
acid peptides derived from Nef, Gag and Env HIV-1 proteins
modified by a palmitoyl chain was administered in a phase I
trial.

¢ A CD4+ T cell proliferative response to at least one of the six
peptides was observed in 9/10 vaccinees — 2/10 reacted to this
peptide.

* 9/12 tested mounted a CTL response to at least one of the six
peptides; each of the six peptides elicited a CTL response in at
least one individual.

* None of the 12 tested had an IgG response to this peptide.

HXB2 Location p24 (61-69)
Author Location p24 (61-69)
Epitope GHQAAMQML
Immunogen HIV-1 infection
Species (MHC) human (B*1510)
Keywords optimal epitope
References [Frahm et al.[2004

HXB2 Location p24 (61-69)
Author Location (C consensus)

Epitope GHQAAMQML

Subtype C

Immunogen HIV-1 infection

Species (MHC) human (B*1510)

Country South Africa.

Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References Kiepiela ef al.|[2004

HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (61-69)
Author Location p24 (193-201 LAI)
Epitope GHQAAMQML
Subtype B
Immunogen
Species (MHC) human (B*3901)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes this is a B*3901 epitope.

HXB2 Location p24 (61-69)
Author Location Gag (193-201 I1IB)
Epitope GHQAAMQML

Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (B38)
Assay type Chromium-release assay
References |[Kurane et al.J2003
* Three CD8+ CTL cell clones were derived from 2 HIV-1 posi-
tive asymptomatic patients, and their epitope specificities and
HLA presenting proteins were defined.

HXB2 Location p24 (61-69)

Author Location p24 (193-201 LAI)
Epitope GHQAAMQML
Subtype B

Immunogen
Species (MHC) human (B39)
References [Kurane & Westl|1998
* Optimal peptide defined by titration.

HXB2 Location p24 (61-71)

Author Location p24 (193-203 BRU)
Epitope GHQAAMQMLKE
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Claverie ez al.[|1988

* One of 4 epitopes first predicted, then shown to stimulate HLA-

A2 restricted CTL line.

HXB2 Location p24 (61-71)
Author Location p24 (61-70)
Epitope GHQAAMQMLKE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana et al.l[2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* 7/19 patients recognized this epitope.

HXB2 Location p24 (61-80)
Author Location p24 (193-212 SF2)
Epitope GHQAAMQMKETINEEAAEW
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A26, A30, B38.

HXB2 Location p24 (61-82)
Author Location p24 (193-214 BH10)
Epitope GHQAAMQMLKETINEEAAEWDR
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Immunogen HIV-1 infection
Species (MHC) human (Bw52)
References |Johnson et al.[1991
* Gag CTL response studied in three individuals.

HXB2 Location p24 (62-70)
Author Location p24 (194-202 LAI)
Epitope HQAAMQMLK
Subtype B
Immunogen
Species (MHC) human (B52)
References Brander & Walker| 1996
¢ P. Goulder, pers. comm.

HXB2 Location p24 (64-80)
Author Location p24 (63-80 HXB2)
Epitope AAMQMLKETINEEAAEW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.l2003

* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STIL.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
The authors did not note the reference strain, but based on the
peptide sequences provided it appears to be HXB?2.
Responses to this peptide were detected in 22% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p24 (65-72)
Author Location p24
Epitope AMQMLKET
Epitope name A9I
Immunogen Vaccine
Vector/Type: DNA  HIV component: Gag
Species (MHC) mouse (H-29)
Assay type Chromium-release assay
References Bojak et al.[2002b:

HIV Molecular Immunology 2005

HIV CTL Epitope Tables

* Codon-optimized gag gene DNA vaccines were compared to
wild type by vaccination of BALB/c mice. Codon optimized
DNA gave a Thl polarized Th response, a strong antibody
response that persisted from more than 20 weeks, and CTL
responses, while wild-type DNA induced weak and inconsistent
immune responses.

HXB2 Location p24 (65-73)
Author Location Gag (199-207)
Epitope AMQMLKETI
Epitope name p7g
Subtype B
Immunogen Vaccine
Vector/Type: vaccinia, Sindbis HIV compo-
nent: Gag
Species (MHC) mouse
Assay type CDS8 T-cell Elispot - IFNy
Keywords genital and mucosal immunity
References |Vajdy et al.[2001

* Nasal, vaginal, rectal and i.m. immunization was performed
with Sindbis virus expressing HIV-1 Gag (SIN-Gag), followed
by intravaginal or intrarectal challenge with vaccinia virus
expressing either Gag (VV-Gag) or gp160 (VV-gp160) as a
control.

* Intranasal and intramuscular immunization followed by intrav-
aginal challenge induced HIV-1 Gag specific, IFN-y producing
CD8+ T-cells in the vaginal/uteral mucosal tissue, as well as
in the draining iliac lymph nodes and in the spleen, but could
not protect against a VV-Gag infection of the ovaries. Local
vaginal or rectal immunization, despite lower CD8+ T-cell
responses, did provide protection.

HXB2 Location p24 (65-73)
Author Location Gag (Du422)
Epitope AMQMLKDTI
Subtype C
Immunogen Vaccine
Vector/Type: DNA  Strain: C clade Du422
HIV component: Gag
Species (MHC) mouse
Donor MHC H-2d
Assay type Chromium-release assay
Keywords inter-clade comparisons, variant cross-
recognition or cross-neutralization
References [van Harmelen et al/2003

* The pTHgagC DNA vaccine employed in this study expressed
the gag gene derived from the South African isolate Du422,
which was selected on the basis of being the natural strain most
similar to the South African subtype C consensus sequence (aa
distance of 1.8%).

* A E7D mutation was introduced into the epitope to match the
gag subtype C sequence in the vaccine. Mice vaccinated with
the gag DNA made strong CTL responses against AMQM-
LKDTI, boosting enhanced the response, and memory cells
persisted for 15 weeks.

HXB2 Location p24 (65-73)
Author Location p24 (197-205)
Epitope AMQMLKETI?
Immunogen Vaccine
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Vector/Type: protein HIV component: Gag
Adjuvant: Cholera toxin (CT)
Species (MHC) mouse
Donor MHC H-2d
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay
Keywords TCR usage, genital and mucosal immunity
References [Yoshizawa et al.ll2003
¢ Intranasal immunization triggered CTL response in the nasal-
associated lymphoid tissue (NALT), posterior cervical lymph
nodes (pCLNs) and the spleen, but not in the mesenteric lymph
nodes (MLNs). Rectal immunzation elicited CTL responses
only in the MLNs. By immunizing mice nasally following
rectal immunization, CTL responses were detected in NALT,
PCLNSs, spleen and MLNs. Epitope-specific CD8+ T-cells were
primarily located in NALT after 6 days and in pCLNs after 2
months.
» The strongest specific lysis was induced by NALT-specific CTL
clones. pCLNs derived memory CTL clones originated from
NALT CTL clones, as determined by T-cell receptor V3 usage.

HXB2 Location p24 (65-73)
Author Location Gag (199-207 HXB2)
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine

Vector/Type: DNA  Strain: B clade HXB2

HIV component: Gag
Species (MHC) mouse (H-29)

References |Qiu ef al.||[1999

Different expression vectors were tested to increase Gag expres-
sion in cell lines and create suitable vectors for DNA vaccines.
Stable Gag expression was achieved in murine p815 cells, using
a Gag gene that had mutated silent base positions that disrupt
inhibitory RNA sequences which promote RNA degradation.
Silent mutations were more effective than introduction of the D
retrovirus cis-acting posttranscriptional control element (CTE)
for enhancing Gag expression.
The gag vector with silent mutations given as a vaccine to
BALB/c mice gave CTL responses in splenic mononuclear
cells, using peptide pulsed cells as targets.

HXB2 Location p24 (65-73)
Author Location p24 (199-207 SF2)
Epitope AMQMLKETI
Epitope name p7g
Immunogen Vaccine
Vector/Type: protein, vaccinia Strain: B
clade SF2 HIV component: Gag, Gag-Pol
Adjuvant: E. coli mutant heat labile entero-
toxin (LT-R72)
Species (MHC) mouse (H-2%)
References [Neidleman et al.[2000
* Intranasal immunization of CB6F1 (H2bxd) mice with soluble
gag p55 with LT ADP-ribosyltransferase mutants (LTK63 and
LTK?73) from Escherichia coli as adjuvants was tested.
* Intranasal and intramucosal immunization of p55 gag protein
with LTK63 or LTK72 adjuvant induced a CTL response com-
parable to intramuscular immunization responses.
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* Oral co-administration of LTR72, with residual ADP-
ribosyltransferase activity, induced systemic CTL responses,
but LTK63 with no ADP-ribosyltransferase activity did not.

HXB2 Location p24 (65-73)
Author Location p24 (66-74)
Epitope AMQMLKETI
Immunogen Vaccine
Vector/Type: DNA  HIV component: Gag
Adjuvant: vesicular stomatitis virus glycopro-
tein (VSV-G)
Species (MHC) mouse (H-29)
References [Marsac et al.l2002
* BALB/c mice were injected with plasmids expressing HI'V-1
Gag with or without coinjection of a plasmid expressing vesic-
ular stomatitis virus glycoprotein (VSV-G). The combination
encodes VSV-G pseudotyped Gag particles that can be taken
up by cells for presentation in either the class I or class II path-
ways, while exogenous Gag alone can only be taken into the
class II pathway.
Vaccination with DNA expressing VSV-G pseudotyped Gag
particles rather than just Gag increase Gag-specific CTL re-
sponses generally as well as the specific H-2d restricted anti-
AMQMLKETI response.

HXB2 Location p24 (65-73)
Author Location Gag
Epitope ANQMLKDTI
Subtype C
Immunogen Vaccine
Vector/Type: DNA with CMV promotor
HIV component: Gag, Protease
Species (MHC) mouse (H-29)
Country India.
Assay type cytokine production, CD8 T-cell Elispot -
IFNy, CD4 T-cell Elispot - IFNY, cytolytic
LDH release assay
Keywords inter-clade comparisons, vaccine-induced epi-
topes, Thl
References |Chugh & Seth|2004;

* A gag-protease gene construct from HIV-1 subtype C Indian
strain has been shown to be successful in evoking immune
responses to gag epitopes from both CD4+ and CD8+ T-cells
in BALB/c mice. The immune response was of TH1 type.
Recognition of seven Gag peptides carrying multiple epitopes
indicates a broad-based immune response.

* A cross-clade response to the C clade epitope ANQMLKDTI
was observed to the B clade version of this epitope, aNqmlkEti.
66% lysis was observed to the peptide carrying the C clade
epitope, only 33% to the B clade variant.

HXB2 Location p24 (65-73)
Author Location p24 (199-207 SF2)
Epitope AMQMLKETI
Epitope name p7G
Immunogen Vaccine
Vector/Type: protein Strain: B clade SF2
HIV component: Gag Adjuvant: DDA,
DOTAP, CpG immunostimulatory sequence
(ISS), MF59, PLG, urea
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Species (MHC) mouse (H—2kd)

Keywords dendritic cells

References |O’Hagan et al.|2002

Intramuscular or intraperitoneal immunization of BALB/c
or CB6F1 mice with urea-solubilized, emulsified, or PLG-
microparticle associated p55 Gag was studied in conjunction
with the adjuvant CpG. CpG did not enhance CTL immunity
when combined with urea solubilized p55, but did when com-
bined with emulsions and PLG-microparticle antigen.
CpG shifted the Ab response towards a IgG2a, and CpG was
shown to upregulate CD86 on mouse bone-marrow derived
dendritic cells.

HXB2 Location p24 (65-73)
Author Location p24 (199-207 SF2)
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine
Vector/Type: DNA with CMV promotor
Strain: B clade SF2  HIV component: Gag,
gpl20
Species (MHC) mouse (H-2D9)
Assay type Chromium-release assay
Keywords epitope processing, vaccine-induced epitopes
References [Doe ez al.[1996
* Spleen cells from mice with distinct MHC types were infused
into HIV vaccinated scid mice, to study the antigen presenting
cells used by CTL induced in intramuscular injections. Bone
marrow derived cells are used for presenation, but DNA in-
fection is not required for priming, rather APCs can present
proteins synthesized in other host cells.

HXB2 Location p24 (65-73)
Author Location p24 (199-207 SF2)
Epitope AMQMLKETI
Immunogen Vaccine
Vector/Type: vaccinia HIV component: Gag,
Pol
Species (MHC) mouse (H-2K9)
Keywords immunodominance
References [Doe & Walker|1996
¢ Immunodominant murine CTL response to this peptide ob-
served after immunization with vaccine VVgagpol.
* Optimal peptide was defined.

HXB2 Location p24 (65-73)
Author Location Gag (197-205)
Epitope AMQMLKETI
Immunogen Vaccine
Vector/Type: Listeria monocytogenes HIV
component: Gag
Species (MHC) mouse (H-2K9)
References [Rayevskaya & Frankel|2001
* BALB/c mice were immunized with a highly attenuated recom-
binant Listeria monocytogenes, Lmdaldat, that can grow only
when supplemented with D-alanine, and that expresses HIV-1
HXB2 Gag.
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* Parenteral immunization provided protection against systemic
and mucosal challenges with a recombinant vaccinia virus ex-
pressing HIV-1 gag, and a long lasting memory CTL response
against Gag in spleen, mesenteric lymph nodes, and Peyer’s
patches directed against the gag protein.

Oral immunization gave protection only against mucosal virus
challenge and was associated with a transient CTL response in
the three lymphoid tissues examined.

L. monocytogenes is a gram-positive bacteria that enters the
macrophage on phagocytosis and lives in the cytoplasm — se-
creted L. monocytogenes antigens are processed and presented
by both class I and class II pathways.

HXB2 Location p24 (65-73)
Author Location Gag (197-205 SF2)
Epitope AMQMLKETI
Immunogen Vaccine
Vector/Type: Listeria monocytogenes
Strain: B clade HXB2 HIV component:
Gag
Species (MHC) mouse (H-2K9)
Keywords immunodominance
References [Mata et al.||[1998

* BALB/c mice were immunized with recombinant Listeria

monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag.

L. monocytogenes is a gram-positive bacteria that enters the

macrophage on phagocytosis and lives in the cytoplasm — se-

creted L. monocytogenes antigens are processed and presented

by both class I and class II pathways.

This is the immunodominant CTL epitope in Gag in BALB/c

mice.

AMQMLKETI does not contain established Kd anchoring

residue in position 2, tyrosine or phenylalanine, thus devi-

ating from the typical Kd anchoring motif — the lack of the

aromatic anchor residue is compensated for by interaction of

the glutamine at P3 with pocket D of Kd.

HXB2 Location p24 (65-73)
Author Location Gag (HXB2)
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine
Vector/Type: vaccinia, vesicular stomatitis
virus (VSV)  Strain: B clade HXB2, B clade
IIIB  HIV component: Env, Gag
Species (MHC) mouse (H-2K%)
Keywords immunodominance
References [Haglund ez al.[2002a

* Different HIV strains were used for different regions: Env I1IB,
Gag HXB2.

* BALB/c mice were vaccinated with rec vesicular stomatitis
virus (rVSV) expressing either HIV-1 Gag, Env, or both, and
compared to using rec Env and Gag in vaccinia virus (rVVs).
The primary response was determined by cell lysis, cytokine
production and tetramer staining.

* Primary CTL responses to the immunodominant Gag (AMQM-
LKETI) epitope peaked in 7 days for GAG-rVSYV, 3% of the
cells were tetramer positive, and this response was 8-fold higher
than for Gag-rVV.
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¢ Vaccinating with GagEnv-rVSV carrying both Gag and Env
allowed recognition of both HIV-1 proteins, but at reduced
levels compared to either Gag-rVSV or Env-rVSV alone.

¢ Intranasal immunization with Env-rVSV yielded CTL re-
sponses that were strong but reduced compared to an intraperi-
toneal route.

HXB2 Location p24 (65-73)
Author Location Gag (HXB2)
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine
Vector/Type: vaccinia, vesicular stomatitis
virus (VSV)  Strain: B clade HXB2, B clade
IB  HIV component: Env, Gag
Species (MHC) mouse (H-2K9)
Keywords immunodominance
References Haglund ef al.|2002b

Different HIV strains were used for different regions: Env IIIB,

Gag HXB2.

* BALB/c mice were vaccinated with rec vesicular stomatitis
virus (rVSV) expressing either HIV-1 Gag or Env, or both,
and retention of memory responses and recall responses were
studied by tetramer staining and IFN-gamma production.

¢ Seven months after vaccination with Env-rVSV, 6% of the
CD8+ cells were tetramer positive for the immunodominant
Env epitope; these cells had a memory phenotype, CD44-Hi
positive.

* Env in rec vaccinia virus (Env-rVV) elicited a strong recall re-
sponse, with up to 45% to the CD8+ T-cell population tetramer
positive and activated (expressing CD62L-Lo), and capable of
IFN-gamma production.

¢ A prime with Env-rVSV and heterologous boost of Env-rVV

gave remarkably high levels of memory cells, with approxi-

mately 1/3 of the CD8+ splenocytes being Env specific memory
cells 150 days after the boost.

A Gag-rVSV or EnvGag-rVSV prime and with a heterologous

Gag-rVV or EnvGag-rVV boost combination gave 40% tet-

ramer positive CD8+ cells, but the fraction of IFN-gamma

producing cells was only about 25%. Still the heterologous
vector prime-boost combination showed a profound benefit.

e A HIV-1 protein rVSV prime, rVV boost was a more potent
combination than a vector reversal of arVV prime and rVSV
boost.

HXB2 Location p24 (65-73)
Author Location Gag
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine
Vector/Type: Listeria monocytogenes HIV
component: Gag
Species (MHC) mouse (H-2K<sup>d<sup>)
Donor MHC H-2d
Assay type Tetramer binding, Intracellular cytokine stain-
ing
Keywords genital and mucosal immunity
References [Peters et al.|2003
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* Intravenous, rectal, and oral vaccination of recombinant L.
monocytogenes expressing HIV-1 Gag antigen were compared
for their ability to stimulate a mucosal CTL response; mucosal
administration of this vaccine gave strong mucosal response
that was readily boosted.

* This CTL epitope is the immunodominant epitope in Gag for
BALB/c mice, and was used to characterize the vaccine re-
sponses.

HXB2 Location p24 (65-73)
Author Location Gag (197-205)
Epitope AMQMLKETI
Subtype B
Immunogen Vaccine
Vector/Type: vaccinia, Listeria monocyto-
genes HIV component: Gag, Nef
Species (MHC) mouse (H-2K<sup>d<sup>)
Donor MHC H-2d
Assay type cytokine production, proliferation, Tetra-
mer binding, Intracellular cytokine staining,
Chromium-release assay
Keywords memory cells
References |[Rayevskaya et al.|2003
* Splenocytes derived from BALB/c mice immunized and
boosted with Lmdd-gag were stimulated with gag-peptide spe-
cific antigen in vitro. In culture, CTL activity against this
epitope reached a maximum at 9 days, then declined. Peptide
restimulation gave a delayed (18 hours) but potent response,
and growth was IL-2 or IL-15 dependent. Adoptive transfer
of 5000 of the sorting purified cells could protect recipient
BALB/c against vaccinia-gag challenge up to 3 months after
transfer.

HXB2 Location p24 (65-73)
Author Location
Epitope AMQMLKETI
Epitope name A91
Immunogen Vaccine

Vector/Type: DNA, virus-like particle (VLP),
polyepitope HIV component: Gag, p24 Gag,
V3

Species (MHC) mouse (H-2K<sup>d<sup>)

Assay type cytokine production, Chromium-release assay
Keywords epitope processing, vaccine-specific epitope
characteristics, immunodominance, vaccine
antigen design
References [Wild et al.|2004

A codon optimized gag DNA vaccine was compared to a

myristylation defective gag and p24 alone, both of which lack

signals for secretion from transfected cells. Gag-derived im-

munogens that were secreted as VLPs and those that remained

intracellular (p24) each produced strong CTL responses, and

neither the size of antigen nor cellular trafficking and local-

ization significantly influenced the strength of humoral and

cellular immune activation. The formation and release of VLPs

was not essential for eliciting strong CTL. BALB/c mice were

given the DNA vaccine by i.m. administration of plasmid DNA

for the prime and boost.
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Linking the region encoding the V3 immunodominant epitope
to the gag gene did not diminish the response to the Gag p24
eptiope A9I, but did enable a response to the V3 epitope.

* Minigenes were made incorporating just one epitope, mini-
topes, carrying one of three murine class I eptiopes linked
to the Ad2-E3 protein-derived signal peptide to allow access
of the epitope to the ER. Weak induction of cellular immune
resposes was observed, in contrast to the complex polyprotein.

HXB2 Location p24 (65-73)
Author Location Gag (197-205)
Epitope AMQMLKETI
Immunogen Vaccine
Vector/Type: vaccinia Strain:
HXB2 HIV component: Gag
Species (MHC) mouse (H-2K<sup>d<sup>)
Country United States.
Assay type proliferation, T-cell Elispot
Keywords vaccine antigen design
References [Kwak et al.|2004
* A recombinant vaccinia virus with HIV-1 Gag replacing the
cytoplasmic domain of the BSR protein was shown to induce
better primary CD4 response than recombinant vaccinia virus
expressing Gag from the TK-locus; CD8 responses were less
specific. When immunized BALB/c mice were challenged with
a recombinant Listeria that expresses HIV-Gag, lower colony
counts of Listeria were found in the liver and spleen of mice
immunized with virus expressing BSR-Gag fusion protein.

B clade

HXB2 Location p24 (69-86)
Author Location Gag (201-218 LAI)
Epitope LKETINEEAAEWDRVPV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
References [Buseyne et al.|[1993a
* Vertical transmission of HIV ranges from 13% to 39%.
* Primary assays showed that cytotoxic activity against at least
one HIV protein detected in 70% of infected children.
 Epitopes recognized in five children were mapped using syn-
thetic peptides and secondary cultures.
e Patient EM28 (CDC P2A) had a CTL response to four epitopes
in Gag.

HXB2 Location p24 (70-78)
Author Location
Epitope KETINEEAA
Epitope name Gag-KA9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Donor MHC A*0201 A*0217 B*0801 B*4002 Cw*0303
Cw*070
Keywords HAART, ART
References Sabbaj er al.[|2002b
¢ This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.
* 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.
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* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* This epitope was newly defined in this study.

 Patient 01RCH46 was Hispanic, on HAART, and had a viral
load of 21000 and CD4 count of 623 — she also recognized
GELDRWEKI, p17(11-19), HLA B*4002, and TAFTIPSI,
RT(128-135), HLA A*0217.

* Among HIV+ individuals who carried HLA B40, 3/5 (60%)
recognized this epitope.

HXB2 Location p24 (70-78)
Author Location p24 (70-78)
Epitope KETINEEAA
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Keywords optimal epitope
References [Frahm et al.|2004

HXB2 Location p24 (71-80)
Author Location p24 (203-212)
Epitope ETINEEAAEW
Immunogen HIV-1 infection
Species (MHC) human (A*2501)
Keywords inter-clade comparisons
References |[Klenerman et al.[1996
* The epitope was defined through direct stimulation of PBMC
with 20-mer peptides.
* Itis in a conserved region, ETINEEAAEW is found in most B,
D, and E subtype isolates.
* DTINEEAAEW is found in A and some D subtype sequences.
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HXB2 Location p24 (71-80)
Author Location p24 (203-212)
Epitope ETINEEAAEW
Immunogen HIV-1 infection
Species (MHC) human (A*2501)
Keywords optimal epitope
References |Frahm et al.[2004
* C. Brander notes this is an A*2501 epitope.

HXB2 Location p24 (71-80)
Author Location p24 (203-212)
Epitope ETINEEAAEW
Immunogen HIV-1 infection
Species (MHC) human (A*2501)
References [van Baalen et al.[1996
* Conserved between B and D subtypes, variable in other clades;
a consensus of clades A, C, F, G, and H and a peptide of
HIV-2ROD over this region were not recognized by CTL rec-
ognizing the index peptide.
» C. Brander notes that this is an A*2501 epitope in the 1999
database.

HXB2 Location p24 (71-80)
Author Location p24
Epitope ETINEEAAEW
Immunogen
Species (MHC) human (A25)
References [Rowland-Jones ef al.[|1999
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* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.

e HIV-2 sequence: EIINEEAAEW, no cross-reactivity |van
Baalen et al.|[[1996]]

HXB2 Location p24 (71-80)
Author Location p24 (203-212 SF2)
Epitope ETINEEAAEW
Immunogen HIV-1 infection
Species (MHC) human (A25)
Keywords HAART, ART, acute infection

References |Altfeld et al/2001b
Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A25+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/2 group 2,
and 1/3 group 3.

HXB2 Location p24 (71-80)
Author Location p24 (202-211)
Epitope ETINEEAAEW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A25)
Country United States.
Assay type CD8 T-cell Elispot - IFN7y, CDS8 T-cell Elispot
granzyme B
Keywords Thl, characterizing CD8+ T cell responses
References |Kleen et al.|2004
¢ Only 20% of CD8+ T-cells produce IFN-gamma and granzyme
B simultaneously (Tcla). Two additional subpopulations of
HIV specific CD8+ cells are found, each one constituting 30-
40% of the CD8+ cell pool. One of these (Tc1b) secretes
IFN-gamma only, and the other one (Tclc) secretes GzB only.
* 1/3 patients responded to this peptide with GzB producing cells,
and the other two responded with IFN-gamma producing cells.

HXB2 Location p24 (71-80)

Author Location
Epitope DTINEEAAEW

Epitope name Gag-DW10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5301)
References |Sabbaj et al.|2002b
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* Among HIV+ individuals who carried HLA B*5301, 2/15
(13%) recognized this epitope.

HXB2 Location p24 (71-80)
Author Location
Epitope ETINEEAAEW
Epitope name Gag-EW10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5301)
References |Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA B*5301, 2/15
(13%) recognized this epitope.

HXB2 Location p24 (71-80)
Author Location p24 (203-212)
Epitope DTINEEAAEW
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B53)
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul ez al.[2001a

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-B53 women, 0/2 HEPS and 7/9 HIV-1 infected
women recognized this epitope.
The dominant response to this HLA allele was to this epitope
in 4 of the 7/9 responsive HIV-1 infected women.

HXB2 Location p24 (71-80)
Author Location p24 (203-212 subtype A consensus)
Epitope DTINEEAAEW
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B53)
Keywords binding affinity, inter-clade comparisons, epi-
tope processing
References [Dorrell ez al.l2001

* In clade A infected Gambians, three HLA-B53 epitopes were
defined in Gag p24 using ELISPOT, tetramer, and cytotoxicity
assays.

» Two of the new epitopes lacked the predicted P2 anchors, DTI-
NEEAAEW and QATQEVKNM, and bound to B53 with high
affinity, thus extending the anchor residue motif for B53 and
the related B35.

» Two overlapping 20 mer peptides carry this complete epitope,
but only one stimulates recognition, which could be due to
different peptide processing.
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* DTINEEAAEW was recognized in only 2/7 HLA-B53 sub-
jects.

* DTINEEAAEW was not A subtype specific and there was
cross-recognition although diminished, of the subtype B, C,
and D variant, ETINEEAAEW.

* In one of the two subjects there was cross-recognition of the
HIV-2 version of the epitope, EINEEAADW.

HXB2 Location p24 (71-90)
Author Location p24 (203-222 SF2)
Epitope ETINEEAAEWDRVHPVVHAGP
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
¢ One of these 12 had CTL response to this peptide.
» The responding subject was HLA-A2, B21.

HXB2 Location p24 (78-86)
Author Location p24 (78-86)
Epitope AEWDRLHPV
Epitope name AEW
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A02, A68.1, B0702/4/7, B3503, Cw0401,
Cw0702, DR17, DR15, DR51, DR52, DQ?2,
DQ6
Assay type CD8 T-cell Elispot - IFN7y, CD4 T-cell Elispot
- IFNy
Keywords rate of progression, escape
References |Oxenius et al.|2004b
* The increase in plasma viral load in a patient that progressed
rapidly was preceded by positive selection of viral escape mu-
tations in epitopes targeted by dominant HIV-1-specific CD8+
T-cell responses,and a decrease in HIV-1-specific CD4+ and
CD8+ T-cell frequencies. Overall, escape variant epitopes were
recognized 0-80% as efficiently as the index peptide, and the
relative efficiency of the variant eptiopes increased using PBLs
collected after their appearance. No changes were found in
viral tropism, replication kinetics and neutralizing antibody
titers, so the rapid decline of the patient was attributed to loss
of HIV containment due to CTL escape.
» This was one of § reactive epitopes found not to vary over time.

HXB2 Location p24 (78-86)
Author Location
Epitope AEWDRVHPV
Epitope name Gag-AV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Donor MHC A*0201 A*3201 B*4002 B*5301 Cw*0202
Cw*0401
Keywords HAART, ART
References |Sabbaj et al.|2002b
¢ This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.
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* 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* This epitope was newly defined in this study.

» Patient 01RCHS59 was Hispanic, not on HAART, and had a
viral load of 5100 and CD4 count of 349 — she also recognized
TERQANFL, p2p7plp6(64-71), HLA-B*4002, and KEKG-
GLEGL, Nef(92-100), HLA-B*4002.

* Among HIV+ individuals who carried HLA B40, 4/5 (80%)
recognized this epitope.

HXB2 Location p24 (78-86)
Author Location p24 (78-86)
Epitope AEWDRVHPV
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Keywords optimal epitope
References Frahm et al.[2004

HXB2 Location p24 (81-100)
Author Location p24 (81-100)
Epitope DRLHPVHAGPAAPGQMREPR
Epitope name DRL
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A02, A68.1, B0702/4/7, B3503, Cw0401,
Cw0702, DR17, DR15, DR51, DR52, DQ2,

DQ6

Assay type CD8 T-cell Elispot - IFN7y, CD4 T-cell Elispot
- IFNy

Keywords rate of progression, immunodominance, es-
cape

References |Oxenius et al/2004b
* The increase in plasma viral load in a patient that progressed
rapidly was preceded by positive selection of viral escape mu-
tations in epitopes targeted by dominant HIV-1-specific CD8+
T-cell responses,and a decrease in HIV-1-specific CD4+ and
CD8+ T-cell frequencies. Overall, escape variant epitopes were
recognized 0-80% as efficiently as the index peptide, and the
relative efficiency of the variant eptiopes increased using PBLs
collected after their appearance. No changes were found in
viral tropism, replication kinetics and neutralizing antibody
titers, so the rapid decline of the patient was attributed to loss
of HIV containment due to CTL escape.
This epitope was not precisely defined, but was one of six epi-
topes found to be under positive selection for escape mutations
and was completely replaced by escape variants between days
66 and 327 (drlhpvhagplapgqmrepr).

HXB2 Location p24 (83-92)
Author Location p24 (215-223 IIIB)
Epitope VHPVHAGPIA
Immunogen HIV-1 infection
Species (MHC) human (B55)
References |Sipsas et al.|1997
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HIV IIIB proteins were used to define the range of CTL epi-
topes recognized by 3 lab workers accidentally infected with
HIV-1 IIIB.

LHPVHAGPVA, a variant found in HIV-1 PH136, was also
recognized.

LHPVHAGPIA, a variant found in HIV-1 RF, was also recog-
nized.

LHPVHAGPIT, a variant found in HIV-1 MN, was also recog-
nized.

LHPAQAGPIA, a variant found in HIV-1 JH3, was recognized
at high peptide concentrations.

.

HXB2 Location p24 (84-92)
Author Location p24 (84-92)
Epitope HPVHAGPIA
Immunogen HIV-1 infection
Species (MHC) human (B*07)
Keywords optimal epitope
References [Frahm ez al.|2004

HXB2 Location p24 (84-92)
Author Location (C consensus)
Epitope HPVHAGPIA
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cell responses
References [Kiepiela ez al.[2004

e HLA class I restricted CD8+ T-cell responses against HIV-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.

* This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (84-92)
Author Location p24 (84-92)
Epitope HPVHAGPIA
Epitope name B7-HA9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), acute infection
References |Yu et al.[2002a
¢ CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.
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* One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

1/11 HLA-B7 individuals had detectable B7-restricted re-
sponses to this epitope during acute infection—10/15 of HLA-
B7 epitopes tested were targeted by at least one person during
acute infection. 3/4 individuals had detectable responses to this
epitope after STI.

HXB2 Location p24 (84-92)
Author Location p24 (84-92)
Epitope HPVHAGPVA
Epitope name B7-HA9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld ez al.[2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response.
* The first infecting strain had the variant hpvhagpla. The
CTL response was higher to the second superinfecting variant,
HPVHAGPVA.

HXB2 Location p24 (84-92)
Author Location (B consensus)
Epitope HPVHAGPVA
Epitope name HA9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC AO03, B07, Cw7
Assay type cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric CTL assay
Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cell responses
References |Lichterfeld ef al.|2004c
*» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T-cells secreting both [FN-gamma and
TNF-alpha exibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.
* 1/9 individuals recognized this epitope.

HXB2 Location p24 (87-101)

Author Location Gag (219-233 LAI)
Epitope HAGPIAPGQMREPRG
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human
References [Buseyne et al.|[1993a
* Vertical transmission of HIV ranges from 13% to 39%.
* Primary assays showed that cytotoxic activity against at least
one HIV protein detected in 70% of infected children.
 Epitopes recognized in five children were mapped using syn-
thetic peptides and secondary cultures.
 Patient EM28 (CDC P2A) had a CTL response to four epitopes
in Gag.

HXB2 Location p24 (87-101)
Author Location p24 (219-233 BRU)
Epitope HAGPIAPGQMREPRG
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Claverie ez al.||1988
* One of 4 epitopes predicted then shown to stimulate HLA-A2
restricted CTL line.

HXB2 Location p24 (87-101)
Author Location p24 (87-101)
Epitope HAGPIAPGQMREPRG
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
Less than 2 of 19 patients recognized this epitope.

HXB2 Location p24 (91-110)
Author Location p24 (223-242 SF2)
Epitope IAPGQMREPRGSDIAGTTST
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|]1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
» The responding subject was HLA-A2, A24, B13, B35.

HXB2 Location p24 (101-120)

Author Location p24 (233-252 SF2)
Epitope GSDIAGTTSTLQEQIGWMTN
Immunogen HIV-1 infection
Species (MHC) human
References [Licberman et al.|/1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1

protein.
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* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.

* One of these 12 had CTL response to this peptide.

* The responding subject was HLA-A26, A30, B38.

HXB2 Location p24 (107-115)
Author Location Gag (239-247 SF2)
Epitope TTSTLQEQI
Immunogen Vaccine

Vector/Type: Listeria monocytogenes
Strain: B clade HXB2 HIV component:
Gag

Species (MHC) mouse (H-2K9)

References [Mata et al.|[1998

* BALB/c mice were immunized with recombinant Listeria
monocytogenes (Lm-Gag) expressing HIV-1 HXB2 Gag.

* L. monocytogenes is a gram-positive bacteria that enters the
macrophage on phagocytosis and lives in the cytoplasm — se-
creted L. monocytogenes antigens are processed and presented
by both class I and class II pathways.

HXB2 Location p24 (108-117)
Author Location
Epitope TSTLQRQIGW
Immunogen HIV-1 infection
Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al.|[2001c

* This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually serocon-
verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.

* The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.

* This epitope was recognized in 1/22 HEPS sex worker controls
(ML1250).

HXB2 Location p24 (108-117)
Author Location
Epitope TSTLQEQIGW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References [Migueles & Connors|2001
* HLA B*5701 was found in a very high frequency in HIV-1
infected non-progressors, 11/13 (85%) versus 19/200 (9.5%)
of progressors. Non-progressors tended to have an immune
response that was highly focused on four p24 epitopes that
were presented by B*5701, ISPRTLNAW, KAFSPEVIPME,
TSTLQEQIGW, and QASQEVKNW.

HXB2 Location p24 (108-117)
Author Location
Epitope TSTLQEQIGW
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References Migueles & Connors|2001

¢ CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.

¢ CTL responses are broader in B*5701+ individuals with pro-
gressive viremia than those that control viremia.

e The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2, B57.

HXB2 Location p24 (108-117)
Author Location
Epitope TSTLQEQIGN
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Assay type Intracellular cytokine staining, Flow cytomet-
ric CTL assay
Keywords rate of progression, escape
References Migueles et al.|2003
* cDNA Gag sequences from a set of 17 HLA-B*5701+ progres-
sors and 10 LTNPs were obtained, and the variation in four
p24 B*5701 epitopes examined. Sequence variants were more
common (p < 0.01) in the epitopes in the progressors (median
3, range 1-7) than LTNPs (median 2, range 0-4).
* In general, use of the autologous protein in a target cell did not
diminish the overall CD8+ T-cell responses.

HXB2 Location p24 (108-117)
Author Location p24 (241-250 LAI)
Epitope TSTVEEQQIW
Subtype B
Immunogen HIV-2 infection
Species (MHC) human (B*5801)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes this is a B¥5801 epitope.

HXB2 Location p24 (108-117)
Author Location p24 (240-249 LAI)
Epitope TSTLQEQIGW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5801)
Keywords optimal epitope
References [Frahm ez al.|2004
* C. Brander notes this is a B*5801 epitope.

HXB2 Location p24 (108-117)
Author Location (C consensus)
Epitope TSTLQEQIAW
Subtype C
Immunogen HIV-1 infection

Species (MHC) human (B*5801, B57)

Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
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Keywords cross-presentation by different HLA, charac-
terizing CD8+ T cell responses
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analysed in African patients. Significantly greater num-
ber of responses were shown to be HLA-B restricted. Viral
load, CD4 count and so the rate of disease progression were
also associated with HLA-B alleles. In addition, the selection
pressure imposed on HIV-1 by HLA-B alleles was shown to be
substantially greater than by other alleles.
This eptiope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (108-117)

Author Location p24 (233-252)

Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Bernard et al.l1998

* This study focuses on six rare long-term survivor HIV-infected
people who were infected for many years without exhibiting
immune dysregulation — such immunologically normal HIV-
infected (INHI) cases occur at a frequency between 0.1 and 1%
in the infected population.

* No direct CTL were found in any of the six INHIs, but above
background CTLp activity was found in 3/6 INHIs.

* Epitope sequences were deduced from larger reactive peptides
based on HLA binding motifs — XSXXXXXXXW is a B57
binding motif, and CTL activity against TSTLQEQIGW has
been found in two other B57 long-term non-progressors.

HXB2 Location p24 (108-117)
Author Location Gag (SF2)
Epitope TSTLQEQIGW
Epitope name TW10
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, acute infection
References |Goulder ez al.|2001a
* Dominant epitope in acute infection in patient PI004, who did
not receive any antiviral therapy.
1-2 months post seroconversion, subject PI004 displayed a
significant decrease in TW 10 peptide recognition, followed by
an increased CTL response against epitope SL9, SLYNTVATL
and other epitopes.
Three CTL responses, to epitopes TSTLQEQIGW, ISPRTL-
NAW, and KAFSPEVIPMF were evident early after infection;
CTL responses to SLYNTVATL, QASQEVKNW, EITYKRWII,
and FLKEKGGL were detectable at 5 months post-infection
and beyond.

HXB2 Location p24 (108-117)
Author Location p24 (108-117)
Epitope TSTLQEQIGW
Epitope name TST
Immunogen HIV-1 infection
Species (MHC) human (B57)
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Keywords HAART, ART, acute infection
References |Oxenius et al/2000

Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

None of the 8 study subjects recognized this epitope but none
were HLA B57+.

3

HXB2 Location p24 (108-117)
Author Location p24 (108-117)
Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |[Ferrari e al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (108-117)
Author Location p24
Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al.[2002
Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location p24 (108-117)
Author Location p24
Epitope TSTLQEQIGW
Epitope name TST
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al.|2002b
Using previously defined epitopes|Oxenius et al.|[2000, 2001al]
in an IFN? Elispot assay, 13 chronically HIV-1 infected patients
were studied over a period including therapy with standard
treatment interruptions (STI).
STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location p24 (108-117)
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Author Location Gag (147-155)
Epitope TSTLQEQIAW
Epitope name TW10
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, escape
References |Draenert et al.|2004b
* 174 people who have C clade infections were studied — those
who carried B57 have 2 positions in which their HIV Gag
consensus is different than the C consensus. One mutation is
within this epitope, TW10, at position 3, and is believed to
be an anchor residue. The other is in the N-terminal flanking
position of the epitope ISPRTLNAW and is thought to impact
processing.

HXB2 Location p24 (108-117)
Author Location Gag (240-249)
Epitope TSTLQEQIAW
Epitope name TW10
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords escape, reversion, viral fitness
References [Leslie et al.|2004

* TSTLQEQIAW (the consensus form in the C clade) responses
dominate the immune response in HLA-B57 individuals, and
this epitope is also recognized in HLA-B5801 individuals.
TSnLQEQIAW is shown to be an escape mutant correlated
with HLA-B57 and HLA-B5801 alleles. The variant can be
transmitted to HLA-B57/B5801 negative individuals, but re-
verts to wild-type in those. A second escape mutation within the
epitope is, however, maintained after transmission; TSNLQE-
QIGW is the most common from of the epitope in the B clade,
and a G substitution to some other amino acid, often A, was
frequently noted in B57+ individuals; transmission of these
variants persist in the new host.

HXB2 Location p24 (108-117)
Author Location p24 (108-117)
Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNYy, Flow
cytometric CTL assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* Less than 2 of 7 patients recognized this epitope.

HXB2 Location p24 (108-117)

155

+
2]
(]
o
-l
[
(&




()
—
=
o
O
[*+]
+

HIV CTL Epitope Tables

Author Location (B consensus)
Epitope TSTLQEQIGW
Epitope name TW10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United Kingdom.
Assay type CD8 T-cell Elispot - IFNy, Flow cytometric
CTL assay
Keywords immunodominance, escape, characterizing
CD8+ T cell responses
References |Allen et al.|2004

 This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag pl17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RK9 epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope; this
response declined following viral escape (tsNlgeqigw) by day
64. The p17 KK9 and RK9 became immunodominant, but then
declined and as the escape mutation arose. TW10 is one of
three other strong responses and that persisted, along with one
sub-dominant response.

HXB2 Location p24 (108-117)
Author Location p24
Epitope TSTLQEQIGW
Epitope name TW10
Immunogen HIV-1 infection
Species (MHC) human (B57, B*5801)

Keywords review, rate of progression, immunodomi-
nance, escape, acute infection, reversion, viral
fitness

References |Goulder & Watkins/2004

» This paper is a review of the role of CTL in HIV infection,
and it uses the TW10 epitope as an example. HLA B*57 and
B*5801 both can present this epitope, and are associated with
successful containment of HIV infection. The early response
to TW10 is immunodominant, and often followed by rapid
escape due to the T->N substitution, tsNlgeqigw. Some long
term survivors do not carry the escape form, possibly because
the CTL response to this epitope is able to suppress viremia.
Others do carry the N escape form, and presumably control
viremia due to viral attenuation; in support of this the N rapidly
back mutates to T in a new host, so there is likely to be a high
fitness cost. In contrast, the epitope sometimes contains a G->
A substitution at position 9, and the A can persist in a new host
after transmission.

HXB2 Location p24 (108-117)
Author Location p24 (235-243)
Epitope TSTLQEQIGW
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B57, B58)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul e a.|2001a
* TSTLQEQIGW cross reacts with both A and B clades.
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* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p24 (108-117)
Author Location p24 (108-117)
Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B57, B58)
Donor MHC Al, A26, B35, B57, Cw4, Cw0601; Al, A30,
B42, B52, Cw7, Cwl7; Al, A*0201, B44,
B57, Cws, Cwb6
Assay type CDS8 T-cell Elispot - IFNy
Keywords binding affinity, acute infection, early-
expressed proteins, cross-presentation by dif-
ferent HLA
References |Cao et al.|2003
All proteins were scanned and optimal epitopes were mapped
in a study of CD8+ gamma IFN T-cell responses in 21 men
within 15-92 days post-HIV-1 infection. Subjects initially a
showed narrow immune responses with a mean of 2.3 epitopes
recognized per patient. The immune response broadened later
in infection. No correlation between the plasma viral load
and the number of recognized epitopes or the frequency of
IFN-gamma secreting cells was observed, and there was no cor-
relation between the functional avidity of a responses and the
abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most
avid, and earliest responses tended to be directed against Nef,
Tat, Vpr, and Env.
This epitope was recognized in three of the acutely infected
individuals and was presented by both HLA-B57 and B58.
More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3, B35,
B57, and B62 were more frequently utilized than A1, A2, A30,
and A44.
All HIV-1 proteins except Vpu were recognized, and a re-
sponses to a total of 41 optimal epitopes were characterized;
24 had been identified previously. 48% of the total T-cell
responses were directed against Nef and 43% were directed
against Gag.

HXB2 Location p24 (108-117)
Author Location Gag (240-249)
Epitope TSTLQEQIGW
Epitope name gag 240-9
Immunogen HIV-1 infection, HIV-2 infection
Species (MHC) human (B57, B58)
Country Gambia.
Assay type Intracellular cytokine staining
Keywords escape, TCR usage, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cell responses
References |Lopes e? al.|2003
* CD8+ T cells from HIV-2 infected patients had more polyclonal
TCR responses than HIV-1 infected patients, who tended to
have oligoclonal responses. This results in limited plasticity of
T cell responses to amino acid substitutions within epitopes in
HIV-1 infections. HIV-2-specific CD8+ T-cells showed a more
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diverse TCR usage associated with enhanced CDS8 expansion
and IFN-gamma production on cross-recognition of variant
epitopes.

This peptide was recognized by a CD8+ T-cell clonotype with
Vbeta5.1 usage in one HIV-1 infected patient, and all HIV-1
patients had narrow TCR usage, while HIV-2 patients used mul-
tiple TCR Vbeta chains. The HIV-2 variant of this peptide is:
tstVEeqiQw. 5/6 HIV-2 infected individuals could recognize
both the HIV-1 and HIV-2 peptides, while 0/5 HIV-1 infected
patients that could react with the HIV-1 peptide could also react
with the HIV-2 peptide.

HXB2 Location p24 (108-117)
Author Location p24 (241-250)
Epitope TSTVEEQQIW
Immunogen HIV-2 infection
Species (MHC) human (B58)
References [Bertolettil|1998
» HIV-2 epitope defined from an infection in Gambia, Bertoletti,
pers. comm.
o All HIV-2 sequences from the database are TSTVEEQIQW in
this region, not TSTVEEQQW as in the paper.

HXB2 Location p24 (108-117)
Author Location p24
Epitope TSTLQEQIGW
Immunogen HIV-1 exposed seronegative
Species (MHC) human (B58)
References [Rowland-Jones et al.[1999

* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.

e HIV-2 sequence: TSTVEEQIQW, CTL are cross-reactive,
Bertoletti ez al.|[1998]]

HXB2 Location p24 (108-117)
Author Location p24 (240-249)
Epitope TSTLQEQIGW
Immunogen HIV-2 infection
Species (MHC) human (B58)
Keywords inter-clade comparisons, rate of progression,
immunodominance
References |Bertoletti et al.[1998
* CTL responses in HLA-B*5801 positive HIV-2 infected indi-
viduals have a dominant response to Gag and tolerate exten-
sive substitution, thus HLA-B*5801+ individuals may have
an enhanced potential for cross-protection between HIV-1 and
HIV-2.
This can be an immunodominant epitope in HLA-B57 and
B#*5801 infected individuals, and is associated with long-term
non-progression |(Goulder ez al.|[1996b]
HIV-2 sequence: HIV-2 ROD has the epitope sequence
TSTVEEQIQW, and the CTL from a person infected with
HIV-2 was cross-reactive with HIV-1 epitopes.
* The epitope is TSTLQEQIGW in HIV-1 B clade, and TSTVEE-
QIQW in HIV-2 ROD.
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* HLA B*5801 and B35 may preferentially select HIV-1 and
HIV-2 cross-reactive epitopes.

HXB2 Location p24 (108-117)
Author Location p24 (240-249 SF2)
Epitope TSTLQEQIGW
Immunogen HIV-1 infection
Species (MHC) human (B58)
Keywords HAART, ART, acute infection

References |Altfeld et all2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B58+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 1/1 group 2,
and 0/0 group 3.

HXB2 Location p24 (108-117)

Author Location p24 (108-117)

Epitope TSTLQEQIGW
Epitope name TW10
Immunogen HIV-1 infection
Species (MHC) human (B58)
Keywords acute infection
References |Goulder et al.|2001¢c

* Responses to this dominant A3-restricted Gag epitope are
present during the time of decreasing viral load in acute in-
fection.

* Mutations in this epitope were observed in autologous clones
of subjects who were B58-positive with a higher frequency
than those who were B58-negative (P = 0.02)

» These mutations are being sexually transmitted in adult infec-
tions.

HXB2 Location p24 (108-118)
Author Location p24 (240-249 LAI)
Epitope TSTLQEQIGWF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*57, B*5801)
Keywords rate of progression
References |Goulder et al.l|[1996b
* Response to this epitope was found in 4 slow progressing HLA-
B*57 individuals, in 2 it was dominant or very strong.
* For one donor (from Zimbabwe) this was defined as the optimal
peptide.
* This epitope can be presented in the context of the closely
related HLA molecules B*5801 and B*57.

HXB2 Location p24 (108-118)
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Author Location p24 (240-249 LAI)
Epitope TSTLQEQIGWF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords optimal epitope
References [Frahm ez al.|2004
» C. Brander notes this is a B*5701 epitope.

HXB2 Location p24 (108-118)
Author Location
Epitope TSTLQEQIGWF
Epitope name Gag-TF11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Sabbaj et al.|2002b
* Among HIV+ individuals who carried HLA B57, 2/5 (40%)
recognized this epitope.

HXB2 Location p24 (109-117)
Author Location Gag (241-249 LAI)
Epitope STLQEQIGW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701, B*5801)
Keywords rate of progression
References |Klein ez al.l|[1998
* B57 has been associated with long-term non-progression in the
Amsterdam cohort.
* The most pronounced CTL responses in HLA B*5701 LTS
were to RT and Gag.

HXB2 Location p24 (109-117)
Author Location
Epitope STLQEQIGW
Epitope name Gag-SW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Sabbaj ef al.[2002b
* Among HIV+ individuals who carried HLA B57, 1/5 (20%)
recognized this epitope.
* Among HIV+ individuals who carried HLA BS58, 1/4 (25%)
recognized this epitope.

HXB2 Location p24 (110-118)
Author Location Gag (242-)
Epitope TLQEQIGWM
Epitope name Gag242
Immunogen HIV-1 infection, Vaccine
Vector/Type: peptide HIV component: p24
Gag Adjuvant: Incomplete Freund’s Adju-
vant (IFA)
Species (MHC) human (A2)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric CTL assay
Keywords binding affinity, inter-clade comparisons,
computational epitope prediction
References |Corbet et al.|2003
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* HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.

* This peptide was an intermediate A2 binder that did not in-
duce CTL and CD8+ T-cell IFN gamma responses in mice.
Responses were detected in 2/17 HIV+ HLA-A2 subjects.

HXB2 Location p24 (118-126)
Author Location Gag
Epitope MTSNPPIPV
Epitope name Gag 271
Subtype M
Immunogen Vaccine, in vitro stimulation or selection

Vector/Type: DNA, peptide Adjuvant: In-
complete Freund’s Adjuvant (IFA)

Species (MHC) human, mouse (A*0201)

Assay type cytokine production, T-cell Elispot
Keywords inter-clade comparisons, computational epi-
tope prediction, escape, TCR usage, variant
cross-recognition or cross-neutralization
References McKinney et al.[2004

This study examined variant recognition of epitopes presented

by A*0201 and A*1101. Numerous amino acid substitutions

can be introduced into epitopes without disrupting their recog-

nition by CTLs, although epitopes with multiple substitutions

were less recognized. An algorithm was constructed for pre-

diction of epitopes capable of inducing responses to a great

number of variant epitopes.

MTSNPPIPV form is most common in subtype C while

MTnNPPIPV form is mostly found in subtype B.

A total of 14 variant forms of Gag 271 were identified. Immu-

nization with MTSNPPIPV form induced CTLs recognizing 11

of the variant forms while MTnNPPIPV form induced CTLs

recognizing only 3 of the epitope variants.

HXB2 Location p24 (118-126)
Author Location Gag (282-290)
Epitope MTNNPPIPV
Immunogen HIV-1 infection
Species (MHC) human (A2 supertype)
Keywords supertype, rate of progression
References [Propato et al.[2001
* Long-term nonprogressors (LTNPs) had strong memory resting
CD8+ T-cell responses against the majority of epitopes tested,
(18 for the A2 supertype, 16 for the A3 supertype) while the
effector cells of long-term nonprogressors recognized far fewer
epitopes
Progressors had memory resting CD8+ T-cells that recognized
far fewer epitopes than LTNPs.
A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.
This epitope can bind three of the five HLA-A2 supertypes
alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).

HXB2 Location p24 (121-135)
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Author Location p24 (121-135 HXB2)
Epitope NPPIPVGEIYKRWII
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.[2003

* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STL
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
The authors did not note the reference strain, but based on the
peptide sequences provided it appears to be HXB2.
Responses to this peptide were detected in 19% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p24 (121-135)
Author Location p24 (253-267)
Epitope NPPIPVGEIYKRWII
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Gotch et al.|[1990
 High frequency of memory and effector Gag-specific CTL.

HXB2 Location p24 (121-135)

Author Location p24 (255-274 SF2)
Epitope NPPIPVGEIYKRWII
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords review, immunodominance, escape
References |Goulder ef al.|1997a; |Phillips et al.||[1991

» Longitudinal study of CTL escape mutants in people with the
appropriate HLA types — little variation was observed in the
immunodominant B27 epitope, relative to B8 epitopes, which
varied over time.
Goulder ef al.|[1997a] is a review of immune escape that points
out that there may be a protective effect associated with B27,
and that HLA-BS8 individuals tend to progress more rapidly
than HLA B27 patients.

HXB2 Location p24 (121-135)
Author Location p24 (121-135)
Epitope NPPIPVGEIYKRWII
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Immunogen HIV-1 infection
Species (MHC) human (BS8)
References [Ferrari et al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (121-140)

Author Location p24 (253-272)
Epitope NPPIPVGEIYKRWIILGLNK
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.|[1995

* HIV-specific CTL lines developed by ex vivo stimulation with

peptide.

HXB2 Location p24 (121-140)
Author Location p24 (253-272 SF2)
Epitope NPPIPVGEIYKRWIILGLNK
Immunogen HIV-1 infection
Species (MHC) human
References |Licberman ez al.l|l1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
» Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* Two of these 12 had CTL response to this peptide.
* The responding subjects were HLA-A2, A3, B8, B62, and
HLA-A1, B8, BIS.
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